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Elevated Vitanin Levels in Cerebrospinal Fluid in Multiple Sclerosis*
{24097}

H. SonoTia, N, Crristorr, ato H, Baken _
Deparrments nf Chembilry and Nearology, Mount Singi Haspitel, X, ¥, City

Very few studies have been teporied on
vitamin confent of CEF (cetebrospioal fluid)
in health and in disease.  Since vitamins sup-
ply the prosthetic groups of eneyines, oliser-
- vatipns of their absence, or inability of ab-
. sorplion or frunsmission to the proper tisanes
- may he lorged into tools to elucidule specthic
metabelic dysluoctions;  wice versa  thelr
pathological accomulation may be coreclaied
wilth hyperianctivafl)y, Cyanoeobalamin and
folic acid {PGA) are known fo provide the
enzymatic apparatus Ioe imporkant seps o
the mymiheais of naclele acids.  Iisturbances
I distribution. of these vitaming may iater-
fere with the tiansfer of methyl groups and
upsel the couitilvium Detween cthanolonine
and choline, or belween the respective phoz-
" phatides cephalin and Jecithinf2).,  Thise
chemical changes i turn may give tise 1o de-
myelinalion, & bistological picture of obsoure,
but unduuhtﬁli} ﬁ'-ﬂ. matic cliolory(3).

¥ Buppotted Ly grrmis frem MNztianal Mu!t![ule
Srlerosis Sov. and Williwros-Waterman Fund of Rc-
search Covp, X, ¥ iy,

Fart of resulls were presented at Internat, Conpress
of Meurodepica! Scicnces, Bruseels, Aup. 1657

Methods. The guantities of these vitamias
i Loddy Nuids, tissues and organs are of sud,
minute order of magnitode thet conventions] |
meLthods of chemical analysis cannnt fw wspd,

hut one has to resort to microbiolugien] assay

{4y, The analysia of PGA ofiers parficglar
iniricacies, since PGA bocurs conjngated to
variable extent with peptides of varjghle !
malecular weight, requiring ensymatic decon-
jugation previous to microblosssuy: the o
synaadic material which must be introduced is
]l a source of Iolic acid which considerably
complicates the aualysis. We have described
(5) & mitrabloyssay, wsing o thermaplilic by
cillus which grows rapddly enoa sienple, puody
synthetic medinn and which responds equally
well to varicus conjupatos as to free Tolic aril,
this ohviating previgus enzymatic deconiug-
tivn, In the case of YVik M. prelerence bas
hitherto Leen given to the Aagellate Euglonr
procelis uver wvarious straing of fortobacilier
used for this purpase, bocause of ts higher
sensilivily and specificity (6], Howeyer, £ven
Fuplena shows a wider specteum than appears
desirable, as it responds 1o certain congenets
of Vit. By, which are ineffeclive in man and
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- blaau] SETbM,
IR!I}mmu]ur membrane wilhout  moeh hin-

ELivacen Vicanivg oy Murrierg S LERSES 515

¥ . * medication,  Deviations are fvand in POGA
gm—r.- ; _?zﬁ.i’.-_;f] . level of °SF and jg Boo level of bk serum
"ﬁ“"i’;’ @WM_,__ antl 51N Thedr incidenes EPRAEE b b con-
E:Z:u —_— ) centrited dn podients wi mubtiple selervels,

fﬁm__w e (M) vomprisig 4 Eroup ol 43 ¢ases,
b amn-eao _ffiz Here PGA was found elevated in C8]° in 34
fmpezza [T] out of 42 cases tested { Vig. 1}, ‘The levels of
Eopen-susn [ | " Ky in CSF were elevated o 14 gur of 43
S meoctea [T ' R tascs. Amongst {huse, 9 rases were hirher
: RSN L 2 I than twice the wpper Lt of the naenal
o o Cuses ' raige, The Bye values in blood seram of M3
L B . patients show 4 simily incidence of eleyvated
_ s valies with 6 ont of 20 cuses ahove DOO e/
e ml and T oadditions) cazes g 1900 jeprar Al
B 15 ' . which is consilered the upper limit of fhe
4 §, - -7 nornal range for this vitsmin, The values for
bt - Bivin OSF and scrue show fair correfalion

‘::I I N . {1 27,

W . IMrewesion. In pwrnicious apemiy adminis-
‘dl . trafion of folic acid inlliztly benefits the {2

& 2% 8% ol 1000 1o eend Eh
. "Bigln Serimn (e

Pl 1 Folie aeid lovets Iy CET uf 4% casze of
waMiple  weleredia,  Normal rangs 10-30  mpp,
babehid ativrs,

FIG. 2 B, devels 0 083 gnid aerrinL i 20 gnans
M witiply selrois Nrrmal lewel froweron, 900-

M pag el Mormal lovel in OS5 -5 pugdal,
Hatehod v,

higher animals, We therefore use a4 foa witly
Uekranronas wrlfucmensis, which Las hoen 1o
frted to cover 1hose forms of Ei: lo wiich
Haber anfmgls Fos i 71, '

Reswdts. \We first estainished the levels of
B and PGA in normal CSF, oblained from
¥ Wumber of non-netralogical cuases, pine (o
S®irlive provedures.  The normal range of
fohv acig fn CSF 1 10-30 vhar/mil: PGA ap-
PRAts b be evenly distributed hetween sorum
&l CLF
. The figures fur Bap are 030 ppgiml
M USF as apwinst 300-1060 e ml o
Vil, Byy s known 1o pass thy

Pance, huatb ite rather elevated motegular

“Meitht causes considerable dificulty i tross-

1y, the blood- brain barrier.

Surizon of vitamin levels {n 30 un-

*hrted neurologica] vases shows an upes
Pectedly Nigh incidence of vatues alwwve the
e liserved e conlrols,  The pi-
“ils In owr series Jdid nod, feceive vitamin

tient clinically, but it seems (o muobilize -all
availabic sfores of By, primarily in liver and
Pessilly in bone mareow; (hues depletion of
ihe organism of Bie after & few weeks Bives
rizg 1o severe nenrologieal svmptoms {sub-
acute combined depencration of the cord}).
N anafeese to this functional antagonism be-
tween the I vitaming exists in 315, Np COUrg-
Lrtlone was found botween high 1GA and low
Ihw values,  In fact 4 cases amuong e hipl-
st Boa values dn serum and CSF gre ranking
bigh ameng the fobic acid results,

Because of the intermittent nature of M3,
a single apecimen can pive w5 obly a cross
sertonal vicw of y surmisedly unsizble situa-
limt. T view of the possibility that (lowvia-
tinus in Tevel of serum 2nd CS)F censlituents
mnay be deteclable only during acne enisteles,
ihe obaerved Fncidence of elevated values is az
high a5 may he eiperted and sains comsicdee-
#hle sipnificance, High vitimin vulyes in 517
may be fuvedverd in the cticlogy of S, or nay
at merely as indicslors of changes in per-
meability of the Blood-lrygin barrier.  That
this pormenlility is subject 1 varistions was
ohsetved in a collateral study. where very igh
TGA awd Biwlewvels in CSF of neuradogical
patients dropped ahruptly within 5 min. dur-
ing flectiie shock thetapy, dndieatiup a ten-

porary Breabdown of the Buod-dyu barerier,

These olservations SHpmAt the concept thyl
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vitamin Boa is invelved in varions pathologi-
cal cerebral manifestatinnsg #), whith are ui-
timatuly hased on enzymatic disturbances.
Dhecrvises and mcreases (9 of wiarios hy-
tlrdlases in tlepeticraling nervons tizspe hawve
been reviewed by Cavanagh and ‘Flinm)iaon
(4] Some of these enzymes frp the glycp.
sidase avnthesizing nuciensides) as wel]l as
Lransnethyiaqe are inlerrobued with B and
OA mstalolism,

Seemmary. The folic acid and Wil Hi.
content of CSEF o 1. i serin was shedid
I wore than 300 newrlowicn | cases.  The
FGA level: in C8F dn oo pumiber of CAAR WerTn
edewated: hich vabues wiere o dlleredd g, a
VARV o e ougieal concdidions, Lt were
ikl fo Four-fifthe of roses willh ALS. The
titre of Bys in CSF and serum of RS prilients
®as elevated i one-thid and reached he 1
per fimit. af the norngl range in anntlier thind

ABRENALECTOMY v Hew

eL-InDucen Lyosopresos

of the cases. We assume that increasid leye),
af these viiamins in CSF are nof merely gy
indication of increased permeabilify of the
lovd-brain  harrier, but of etinlouical sip.
nificance for MS, '

1. Solnrky, M., Clin, Chesn., LWER, v4, 01,

Lo Inbmsan, WU, A, £ (lin, Nutr, 1988, v, kT

+. Cavanagh, ). 0., Thawgman, I 11, 8, Brin Argyg
BN, 1084, wig, 43,

4, Nwnir, 5,00, Cury, A, Baukrr,
188K, vih, A49.

5 Ruker, H, Hutner, 5, 1L, Bahntka, H., P i
See K, Hanr, axo M, 19535 wng, i,

& Bluiner, 5. 0L, Hach, BT, K, Ross. G, L M. I
Fratazanl, 1056 w3, .

ok, T, S, IT., Pasher, 1., Tutner, 4 1
Proey, S Bxe. 40r., awn Men, 1956, w01, 5§56,

A Helmes, J. M., Britich 8t edf. Fo1nde, vy, 150y

9. Rullinger, 13 M., Logan, 1. E., Marnelt, A W,
Rusziter, T2, ), Narure, 1052, vi8, 6h0. '
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Folate and Vitamin B, Metabolsm 1n

Weanling Rats {xiven a Maize Diet

I. Folate and Vitaimin By; Concentrations in Liver and Serum

[

L SrreTor, M.8.% ann §. Mere, moet

e

'l o awsocialion of me;;nlnhldim'-:: AL

with protein malnatrition in infants sub

sisling vn a inaize dict is well recoguinud 14

The validily of standard tests of folate and

svitanun Fiye nutntion in this syodronte is s
:of tonsderable huporlatee, periieriady in
Jview of pecent evidemee that in protein-nal-

obriched jnfants some of the comton indices

Lol folate and vitmmin Bu dutrition msy not

agcurately refeet Lody stotes of these vita-

~minst-¥  The significance of Wese indices cun

best be determiined by comporison with the

testlts of direct mwasurcment of folate and,

‘-_’it:unin' e concewdrations in the Kver, the
majur organ of storage for these vitamins. 1o
view of the impracticability of obaining sufli-
teal, fiver tissue from nfants, a study of rals
given o waize dict vas iodertaken to deterivine
the relationship bedween scrvny and liver oom-
temtutions of [olnie and witamin By durnng
fretein depletion and subseynent refeeding,

MATERIAL AND MEFHODS
Swbjects
Newhorn rats, oot inbred, of Wistar steck were
il for study.  Rots were weaned at four weeks,
wud then alocated randaady to four different dictary

. Tepinierty,  Bach group comprised ten animals. Al

RRiads were kept i separate cages desghed to pro-
Vet voprophagy.

Comp fo- Wals received the 5ton:l: dict and were
Sacrsieed aitf_r Eix, of ghl. ten end th_l'l.fB wenks,

1"tmn i.]n': ‘%outh h!‘r‘lcnn 1:b~!1tl||tr: Enr Modical R-_-
$orch, Jahanneshurg, Smth Afrlew.

t1"-'L'|-1'1'-"|!|11|;l~sT,: {tead, Drpartrent of Haematology.

This work was supporied by a research grant from

Sty Coungi] for Seiratific mad Tribustrizl Research,

Fretorig, South Africs.

American Jourmal of Clinical Nutrition

Grenp 2. Tuls received the matee diet for six
werks,  Afler this perit some were spemificed
wherens tlliers were then given the stock dict, cither
ymswy qdetnentedl ot supplemented with vitstodn o
(1061 . in a single weekly intramuselac injection)
oe pteroylglutionic weid (BOA, 1 ing. istramuson.
latly twire a week). The rals ihat had hecit refed
were thiu suctiliced at folervaks of two weeks

frrong 3. Wats reeeived Ute maize dict witle PMOA
{1 g sotranmsculatly twice o week). These raly
wire sacrifice ] alter six weelss.

Grronp 4 Rals received the roaize diet, together
with vitaroit Hyg {100 ug. weekly sna single fnlra-
winsrelur wnfection), Those vats were sacrificed after
kix weeks, ' '

Fafets

Stock R, e comprocreigt diet wes known Lo e
adequate fur normal growil and nutrition of the ral
The vitamin T concenlralion of 1k diet, asswyed
by the metloed of Bamerjes and Chotberjea? using
petpndn digestion, averaged 27 pug per g wet
weight atd e falate activily, assayed with Laclo-
baillug cugei mevording to Toeplor et ol wsang sn-
vrease digestion, aversped S50 pog. per mes wel
weiglit,

Afaize Mer, Commuercial woaize meal floue (150
gm.) was cooked in B L. water, with saft afn sugar
ahled. The vitamin By coalenl of cooked samgles
of 11 miixluze gveraged 015 pmyg. per gm. wet weight
arel the L. casci fulale aclivity averaged 28 ping, per
grn. wet weight

Haoth diels wore given i lbifam,

Procedure

At the destred time rats were aesilhetized §ightly
ared Ll abelomingd wall opencd,  Blood for ussay of
gerim L, cuged Folate netivily sl satantn By con-
centration was colleeled by exsanguination from the
pefnt of bifurcatice of the abdmninal aocta. The

Vol 13, Sepfember LGE
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Fic. . Efect of sefecding on Hver anutl by weelights of
cate, ‘The Mactions of 52 sefer to the muanber of woeels
of the dietary regimen § = meap & stonderd corvor.

atd Mele
exsangiinntel Hvers were remever), weighed agy
stared ol — MG unlil awsayved. The Bloail saun
wore centrifnged noed the serunt peumuinvetd autned sy
wl — POm, atiti areayedd.  Ascorlade wis Ol atde)
sa the serusi and Jiver sautples Lo be stored, g gl
samelis were samyed witkin faur weelks of cully.
Gon,  Serwiw folule avtivily was not wagsuyed ity
piven supiplenents of POA, of sermi vikuie B,

copeunttalion ju rals given stprdetuents’ of Vifumg,

1. :

Assay of Serum Folate and Vitamin Bz

Serpm fokite Rebivity wps assayed with boocigg
by 1l metbod of erberttt pnd Waters aud Mallip, »
apd with Streptocorens facealis wecording to Ching.
sin el L Serwn witawmin B owos assayed '~'-'i1.h.
[Lactehaciiles leichisauii, as Arseribsd previousy

Assay of Liver Conecutration of Folate and
Vitantin By : : : ' T

Fofete. Weighed purtions of lver wure Tt ttennge.
nized in aocorbic acid phosphale budler, iocubstcd
and Lltered as descrilied hy Beett ol alV Buil.
ale dibntions of Ui [iltrace woere assayed with F-eqsd
nsing Dife ™ Bacto folie acid casel wediom 822-15
with 8. Fuecntis nsing e wmedigm of Tyepler ergl,m :
apd with Fodioeoccus corevisiae usinp Difveo Tiacte {
C.F. pozay medinnt 015618, Tie gluidy win curried
atl priur 10 puldication of 2 report, b Thnd el ok & ]

©who showed that [t corevising aelivites of e |
gamples which B undregens wabilysis may sl |
be @ true reflection of he oy ol B, cere
tivity t 1he sanepbe, Thoredoze i tusltle of aEsays
with I, verevisiae ure gol uciilod iieivi, i

Vitansin By Weighed purtons o lheer was

homoguideed, mised with et cyunitde, beded.
 gnd contrifuged, ns deseribed Ly Hooth mrd By
- Bujtable dilutions of the dewr suprmalant wire a5
rayed with L. leichwonii using -Diice Bavly Bu

assay mediuny USP 01G7-10. b

A7 saumpstes-for microblologic assay were dusayed
in riplicate in ot least two separate batches. | Results

_were expressed per ErAl of liver, - o "

Az i l

-

] “ RESULTS :
Brdy and Livor Weights (Fig, 1 and 2) -

Weanling rats given Lhe iaize dhet failed 10
© gain weight (Table 1) and alter six weels their
mean hedy welght was 41 per ceut that of
conteol rats.  On relecding the stock diet {Fig. |

9} hody weight inereased rapidly, but remained
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Folale and Vitwnin ﬁu Metabiolism 155

gyghtly Joss thay that of vontra] sats pyen after
gt weeks,  The mean Hver weigit of the rats
Fod maize: was Sl per cent that of control rats
on refeeding, gainsn liver weight wus rapid and
glter twn weeks the imesn valie was v parahe
to that of controd rals,

Ticer anel Serwnr Folate Activity
(ig. 3 and 4)

The patleros of change in Bver folate netivity
of tats foit maize were generally similar wheno
measured with L. cased or 8, feeccalis. The
wmean liver [olite concentrations in weanling
rats givett A wiaize divt Tor six weeks was of the
weder of Gt per cent that of control rats {Fig:
3. However, this difference wos not e/leeted
by the sernm L. cased fofate levels;  the ween

L

vrluz oltpined for the ruts fud maire was |

shightly higher than that for contro] rats.

When the praize dict was supplemented with

POA the mean liver folate conccntration was
geater. than that of goulroel Tals, Supple-
wentaticn with vitauit By preventid a sigmill-

eunt reduction in Bver {ulate cotwentsation, Lt
{he serriwt L. cosei lewel was only 52 per ceat

that of contral tats

I 1ats given e muize diet for six werkd

and then refed with the sinel died (Fig. 4] the
biver fulate concontratinn afler two weeks had
Mresed, Uie mean values being shightly helur
W orals reeciving  witwmin e aypplenents,
After four amd six weeks e mewn eoncenbra-
lings in rats refed the wosupplemented stork
divt were comparable to those of control Tais;
wnimals peceiving PGA showed the hiphest
toicentrations, whetess thos: receiving vitn-
min By shewed conceatrations higher than
thire wven {he wusuppleniented stock daet.

Liver gud Serwm Concantrations of
Fitunisre By {Fig 3 anid )

T weasnling fats given a naize diet for slX
werks the mean [fyer witunsin By concentration
®us 25 per cent that of control rats (Fig: o).
Thiz epletion in vilwmin By stores wos te-
fected Ty w full in (ke zerum vitainin Bi lovel

te 20 pew cont that of control rats Supple- *

Mentation of the mnize diet with PGA did not
prevent the development of vitatuin By deple-

lon, bui sapplementation with vitamin L

T arLE A
Failure of Geowth of Bate Aler Sin Weoks
oo Maize Iliet

Bloan Liver
Weisht o+ S.E.

Mean Body
Weiphs &+ 3.1,

Stape {in} {grn.}
Wensling 40 92 41 .44 IR 4]
Afler G owh. un

nise dict BO_T0 2 1,63 2.arx=0¢ 11

After § wh. vn

sdorh dict 116 10 £ 5.36 4,77 £ (1,25

cestrlted in g marked increasc in the Hyer vika-

min 13 conveutration, compared Lo cottrel

rals.

" When Tats given a inaize dict for six wecks
were subsequenily referl the stoek diet, the
mean serom  vitsmin By copcentralion im-
creased rapidly, and alter two wecks it was
greater than that of coniral rats (Fiy, Bi.  The
Fver coneentralion of vitamin Bys was restored

less rapidly, but was comparahle to that of *

cutitrol suts afler four weeks. Suppletnenta-
Bon with vitermin Pg, but oot PGA, ae-

celoruted the Tete of inctease in liver cOneeh- -

tratiesn of wilatitin B,
COMMENTS

Weanling rats given a maize diet failed to
grow and  multiple nutcitional  defieiencics
were probably produced, ‘The diet was defi-
cient in protein ant amnine acids, as well a3
folute and vitamin By, as shown By assay ol
these vitatnins in the uaize meal that was fed.
After six weeks of the maize diet the mean
body weight, Hver weight, and liver congentra-
tions of folate and vitnmin By were copsider-
ably less than those of control rats. This
cevere folate und vilanin By deplelicn in rats
fed maize cun be directly attributed to the in-
adeguate dietary intake of thuese wituning,
The folde depletion is in accord with other
repirts of depleted folate concentralions in
fiver of Tals given & diel deficient in these vita-
mins (Davis,” Kelfy and Iavis,™ {Iransowics
et al ).

I rals foel maize with depleted fotate sl

. wilanein 4 stores, the scrum vilawin Bae con-

centration was reduced Lo 20 per cent that of

Faps :
ATy, g E}
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Fic 4. Scrum end liver folnte activily in weanling
ity gloen tiiferont diets for sbe weeks  The Dactinn of

"B relers 4o the sumber of wocks of the dielury repi-

wea, § o= wrean £ stwadard error, L.

' contsot rats.” Thus depdetion of hody vitarmin

' B stores was reflected by a f2li in the seruu

Tevel of vitumin By, This was aot, bewevir,

" the ease with 1l serum L. casei folate level,

Despite & mapked reduetion in Iver folate
aetivity, the serum L. cased levels were slightly
higlier that those of conlrol rats.  This failure

of the seegtt I cased level to relieet body folate

defrcicney whea there was dssoviated severe
aiain By deficicney is in accordouce with
oheervations on fulale metgbolisn in vitatnin
By depletion in mu,  In peraicious anetnia
there is ofted inerea ad L. casei folate aclvity
in the seroos !t Ferlert and Zalosly? foun:d

slow disoppestance of L. casel activity froni

ther scripm after 100y wis glven inkbravenowsly
{0 patients with vituenin U deficicney;
Large doats ol vitaimin By weee given daily 1o

wien -

Spectaf and Metz . LAY P

-’

-l

.

Urese paticuts, clearznce of L. cose 'Sﬂru.in
activity became rapid. These obscrvatiog,
led the fatler workers to postulate n "pilu_u].,u
of L. casei-uctive moterial in vitamia By dof
ciency.  Tile metabolie ioterrefationslips of
folate and vitamiin 15y are camplex angd us vy
weotnplelely  understood. Neverlhelpess,

siugle metaboiic teaction dn whicl ‘Loth g
tien {vfe, the conversint of honocysteine 4,
methionine} has Leen well eatslliahed 3 g
this reaction Nbancthyelrahwdeololic gy
supplies o methyl group to howaoeyslebn. )
converl it to methyThomocysteine (nethionice
which process requires vilamin Mie acting oy,
cocmzyine,  When vitamin By defiviency o
curs, Meb-methyl-tetraliplrefolic acid {for wlich

R CEEI AT
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R T N -y et B
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[ ;..' . Lo
- Fio. 4 Effieel of refeeding willh stock died, witl aod

without vitunin sepplomcatation, on cern and liver
fuladconetleity of tala given oowmaize dict for six works.

The fravthens of 52 refer Lo Oic panchar of werks ef the |

dietary repinen, ¥ oo tnean o stemlurd errce. . -
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guly L. cusci is active) cannot he utilized ade-
qualclj.' akd accwimdates in the scram,

Thee vesults of the serum and fiver frlale
estimpalions 11 weanlinge gaks given neoze diels

spprivormied with larce doses of vilamino By o

are of faterest. The wilawndn By supplenent
earbled these rate o matuloin Qreir Bver fobate
ganconlcalions al & narmal Tevel, nﬁI}r elightiy
lews cary Uil of conteol rots. Thiz taok place
despite the very low folate cantent of the dict,
Crussowive of al.® fonud that in ras deprived
of folale Bt not of vitwmin By thete was o
“similar, aliough siightly snaller, deerease in

senut frkide netivily, 1L appears possible that

when vitaiinin B 19 available in liloral queantity
Ao e ol suledsding ou on Jalate-poor dict,

Iotate slores ean be mwhilized from oA L

othE Hver, Evideoee for this canecpl i
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Fi: & Sern and Hver eoneentratbogs of ¥itanin B

b weniling muta given «efTorend ity for six weeks,

be fracliow of 52 refers to the number of weeks of the ©

IMary regimen, ¥ = e & slandad eccer,

Foiste and Vilatuin By, Metabolizm
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without witanin gupplernentation, en serdn and liver

vitaudin 1% coneentrations of rakg given a wadze il

[z =iz weeles, The Feactinns of B2 refes 4o e puinder

al wueoks of the dictay tegimen. 3 = moan 2= sland-

Arl SrEng.

afforded by the findings of {rossawicz et al
who showed Uhal in rets given a folatesteficient
diet, liver stores of folate decreased at a signifi-
canlly slower rate than stores at nther sites ®
That folate nulrition was oot, owever, com-
Plelely adequate in fhe prosent study of pats
givetl madze diels supplemented witly vilutmin
By is shown by the BD per cent Tall in serum
L. cased lewels,  “Uhis conlinms that the serpm
Yevel is probahly a highly sensitive ndex of
dictary lolisle intake, and underlines e previ-
ois obecrvilion that in experiuteutal folnto
deficiency i man a fall ju the scoune L. cose
level was the first index of folute depletion after
commencing o folule{ree diet 2

The results of the studics carried sul duting
relerding inay heve sone application in the

2301, .
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“Hricul manapemonl af protel-nmdnoed hed
infanly,  Cn refeeding, the fokzie and vitnia
i concentratizas it the Hver inereased wapidly
wrzl the rate af fserea-c was unt aceeloratiod by
supplementaten wiili these vitsniios, 10 ap-
“wats questionshle whether protei-inslnour.
bied infands showlil fe 5|1]1ple|11enl-t-:] with
PGA ondfer viterin By ooce refeediny with
un addequute dist hias been eslubliBohed.

SUMMARY

Lee weanliag rats piven o maize diet for =ix
weeks, severe depletion of liver folite and
vitamin By enneentrations ccourred. Il
depletion of Bver yitanin Bz comeentralion was
reflected by a fall 10 serumn levels of yitwnin
By, but the sorom Lactobacillus cuded folale
activity id nol reflect the deplewd  folate
slores,  These olbservations are i accordunce

Cwith the coneepd of a Upile-up” of L. casci-

active matedul, in the form of Nb-methyls
tatrohydeololic acid, in vitwein e doeficlency.
. When weanling rats {ed andee were given
pupplements of pteroylglutamic acid (TOA)
liver folate concentrulion was 1paintained,

Cvilarmin DBap deficieney  was not  prevented,
“Bupplerseniation with vitamin By prevented

deplotion of bath vitanin By and folate in ihe

fiver, but the serum ¥, casei folute activity de-

crvused toarkadly, o
Yirfeeding a stock diet to rats previously suh-

sisting on = maize dict resulted in a rapid in-

" evease in the fiver eoncontration of foalinle

[

A Dwossowncs, M, Taas, G and Rachwarawrrs, b

o and vitamin By Supplrunentation with POA
- and vitamin Iy did not significnnily seeclorate

ke vepletion of the Jiver stores in refed ruts.
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Failure of o-Glutamic Acid to increase
Absorption of ¥itamin By; by Pationts
with Pernfcious Anaemia

Husetherd e annl Maones U peponteet syl fmon w el tha
rclidsl that vicanin By, inoee edlenesiang 11t
preacticudly o pecticr: witl peroivions wsneniie s bea g
B vt bt 1 i Fistes v il oF glatanne weid than
whngiven alome, Thiz efann was basoal oo U oot
logical riaper e of faco gt urg- Tl s vk i AT -
bl bl gletwnie achd o enhanes 1 bl oy af
vitwnin By fesag o gon i, Jrrniee pwenda. I -
firreed, Ulis condd e s dneporial Searing o 1heacies
eoneering Lhe vieelnizon ol 1w hemnpssinge )" vikimnin
By Fronn the po, W dhote e aiecidead 1o ses it eor
adoidion of plelanmie neic 1ootes) oses of v b P B
bellech with eolale-58 julluweneer thwe gheorpioa by
ralivats wilh pernicins nonetin, 1ring s tond ol
comanler ceseribed b Waeener ard Cihva?,

Talle I FAlbCiE o 4Gacrasn Aok T BSEEaE TE Lk-unpqiny
RSN ITAMEY B, 08 PUTES T WOl PRGOS LY LFdAg

Froeeatiee aof ez af 13 e *0 % oy ledu i foCalisl
whinl plyen N

I4LE iz iar Wl S0 e b Witk & oy Tl #F 1o
an Abatn LAl Taepor abutaniir LITENTE
R T e wrial - nelit
| 1 - il -
H 1 T4 n -
A 1] i v n

E-Liburturene woid wis hissaodood i Dot water and, wloer
coulingr, seithhe epeeticies of the salution were wdded to
20 anl. of golutiae eoudnibing the test dose of 05 pg
cratioeobadooie fnbnllel wil e voliale-Se, shourtly bedore it
was given to Lhe pationte, Thoe roapdea ('able 13 ahow fhor
naither b g nor S mg ghitemie acid incrcased abancp.
Hon, although when en dutvinsia factor preputution was
givein with the tosl dieen, cach padiont ahbueoched e
wore, IF ghtamie weid does o et cnhuwaoa the theca-
poutic effeef of vitamin T, piven by month, oar resnle
suggest Lhat it ooust influence seme peogess obher thon
alwmorpt i,

G.o H. Breray
GO T Wanxseu

Noffield Depictrnoa of Clivieal Motligine.
Radaliffe: fnfrmarcy.
Oxford,

Flieatheote, X4, obd Moy, b, 5 Nateee, JE3, 90 £ 0052
EWemrney, L, sond Aliser, B, FAoe, J8ed. Biof., L1, 5% {15
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Vitamin B,~-binding Proteins in Mormal and
1 eukemic Himan Leukocytes and Sera

UM SrERvax, B, BidoNs & R, GRASKECE

Minerea Foundation Tnsdicute for hedical Hesgarch,
Laporatory Departmenl, Marin Haspital, Helzingtors, and
Dicnapiment of Yorpdamy And Pacied inlogy, Tnbversity of Flelsinki

Ahstriels Srerman, U-Ha Sirces, Ko & Guiseees, B vitamin T-binding Profeing in Momnat
L eakoric Huonie 1 eubooyles and Sera, Svand, J, i, Lot tovest. 21, 202200, 1958, Phevitamin Byl -2
ing prowins insera and leubogyles of healthy subects und paticnts with chropie myelopenous leuk. ia
{CML)y were gopacawd amd pactially purifizl by caluren chromatepraply a8 their cyvanacahalin, in
compleves, The malecular weight of tramscohalaniin I and loukacyte Bbinding potein was 119,00,
and that of Lranscokalarmin 11w 320000 s determined by gel filasion. The cleeteophoretic moliiies
werg &, Tor cranseohalamin I, o for the Teuhocyle Hypbinding procein, aud .- Jior trpmscobalamin 1,
Adrer froatmens with pepranainidase or chromateprapitic poedficalion, the mobalitics of woth trango.
halamin T and 1the Jeukaryle B, hinding prrazia hecame i3 Teapscobalamin T and the leubkosyte B .
binding prowein gase @ reactich of mmunalegic wlenlity in immunediffusion, The Tact that Tenkesvies
car produge Byhinding peotgin in +itre and the similarifies poisen lookocyte B -Binding progein
and transcobalamin b stromly swppest 1l CRAL transrobalaoin 138 derivad From lenkoeyles.

Key-words: Blood proleins; gel Eltratiom; Yewkemia; louknoyles; macramalecular systems;
trunscobalaming; vilamis Ry

+
'

vitamin Bir [Tas)* in serum is trans_panad gimilar to the R-protleins without intrinsic fag
by two trace prnt:ins—tmnscobalamin 1 (TC  tor activity in gastric juice, saliva, pnd bile {26
13 and transcobalamin 11 FC I (3 3y, TG 1 Earlier studies showed that such & protein i
has an & glectrophoretic mobility 120, 23) and synhthesized by leukosytes in witro, and Whal in
carries the ‘endogencus’ Rz in serum (23} molecular weight determined by gel flliration
TC 1l nermally beats little Pyz and takes up is ahoul 115000 (25

most of the vitamin added to serum in vitro The DBiobinding capacity in serzm frorm
or in vive. I8 glectrophoretic makbility imﬂ-ﬁ palients with chronic myel ogriHus lenkemiz
(i1, 20 (CML) is increased (1, 2%}, The increase cor

Leukotyies contain considerahle amounts of  refates fairly well with the peripheral whit
a Pag binding prowin (i.B)} with propertics  eell count (2. The vilamin is hound by 3
protein which has the same electraphare £

S mobility as TC I (21 It is not clear whet!
this hinding protein (ML TC I} L idontic’
with neemal TC I, and how thesc hir. ing &
teins are related to the leukockty b . imE 1

+Mgn-standard -'lhbrl:\-iininﬁ.%:

CML=Cheanic  myclogenaus leukemia, TC I=
transcohalamin T, TC li~ iranscabalimin il, LB~
leukocyte 1, phinding prowin, B vitarin By lin

4 .
i
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Tha +m of this sty wis lo investigate the
alior ip between TC 1, TC 1L and LR in
wrrmd® ubjeuts and o patients with CME,
ol 1o etermine the molecular weight, elec-
mopho. e mabdlity, and chromategraphic and
mz g properties of these proteins,

MATERIAL AND METHODS

wnim or plesnrs from noemal subjects or pa-
ety with CMT. je refapse was used fresh or
dared at —207 C until used.

Leukocytes were fsolated from huparinizedt
iecd by the mcothod of Kilman {0i7), One
mrtal a & per cent dextran solubion (Desitan
3, Pliarmacia. Sweden) was added to npine
rorls of blood and the erpyihrocytes were al-
lwed 1o sediment. The buffy coat was sep-
iled ynd washed thzice in saline, This leuko-
toofte preparation was Erozen arl 1ysed by sonic

. illation, as described (29).

TCo-cyanocobalamin (Kadiochemical  Cen-
e, England), specific activity of 10-300 |\Cif
*0owdy used to Jabel the binding proteins.
Une ng o -Bie was added per ml of nor-

© mal serure; enough Bre to saturaie 1he binding

“ipagity was gdded Lo CMT. serum and lysed
:""kﬂf}'les. The exvess was femoved by dia-
i,

The hinding roteins were isolated by chro.
"iopmphy on DEAE-Sephadex {Pharmaciy,
Sj“*ﬂ':I:}. CM-cellalose (Schlvicher & Schuell,
Lermung), and CM-Sephadex  (Pharmacia,
Beuly sy, Stepwize elution was uscd through-
e DBAE-Sephadex 5 mM  phosphate
I3 (equilibration  bufier), followed by
ST NaCh and 017 M NaCl. For CM-
“Hul g the steps. were 002 M acctate pH 54,
MHO rhisphate pH 7B, and 02 M phos.
Phate nH 7B, and for CM.Sephadex 5 mM
;';Jm.m pH 55 and 0.2 M phosphale pll

Mulecutar woights' (or mone correclly -
_m"'hr sizes) wele determined by opel filira-
00 by 5 Sephades G-150 (Pharfmacia, Swe-
11""“]' Clumn {15 * 87 em} in 1.} M phosphale

Her, pi3 74, At this ionic strength TC 11

does il Turm complexes  (14). The  egua-
tan of rererman & Miched €2) was wed;

b BE o Ly W — 6062 — Sa8kl) VLV,

The pe]l consiant M, for the colume was de-
termined with bovine nlbumin fArmour rac.
tion ¥, Armoor, USA), 103 was usod o (he
walue [or o (3, The voil volume was de-
termiae] with Hloe MRestiran 2065 (Pharmacks,
Sweden), which wis mixed  wilhh (e sumple
under study,

Fone cloctropheresis in FPevikon, a copoly
mer of polyving]l chiloride aod poboingl ace-
tate  {5taeckhobing  Seperfosfals Tabriks AB,
Swoeden], was used {0 delermine (e electro-
plwsretic mobiliey of the Roe-hiding proteins.
The fwifled was 1 M Veronal, pll 8.6, Four
0.5 mb samples were applied on a blogk nea-
sutinp 14 < 42 cm, thickness 0.7 em. A serum
sarnple was ineluded and albumin was slained
with bromiphenc] Blue. With the asual condi-
therms (6.1 Weom for 17 hrs) albumin migrated
abour Ml g, After the run the block was cut
into segments I cm wide and the radicactivity
of cach scgment was recorded inoa well-lype
sciptilfulion countet, The protein coplent of
the eluntes of the sepments was detemined by
the Lowty prucedure (1%}

HabbiL antjsera apajnst human Jeukogvies
(&), pasitic juice (2T), and saliva (30} weare used
for  inununoelectrophoresis, by  tho  micro-
method of Scheidepger (25} and for immuno-
diffusion by a modification of the Cuchter-
lony technigue (13), The radicoctive precipi-
tin lines were demonstraled by auteradio-
graphy.

The purified preparations of ML TC 1 and
the binding proicins of normal and CML
leukocytes were Lreated with  neuramiridise
(Behringwerke, Germany), One ml of the
neuramimidase solution 00 Lol and 2 md of
a QN5 M acclale bufier containing 0.9 per cett
MaCi ond 0.1 per cent CaCla were added to
I ml of the sample. This mixture was dialysed
for I hwwrs atl 339% C against the same buffer
to remove free ginlly acid. Conloels were dia-
Iysed wilhowd neuraminidase,
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Scheiue 1, Chresmptegrophic separatiom of TC Fand
TOTL The leters indicate brefferss @1 5 mM phospheaie
PUE T by 0F M Rl @1 0017 MO Mall, J) 002 M
meetae P54, v H & phesnlate pl? L8 FP03 M
prsphate pH 8, @l F s phosphane pH 25 W0z
B phosphabe pF 78,

Seron = ST0n-vilamio B,

DFAE -Sephadex
u h _-_[ ¢
TCT--TCTH

Chl ol fdonse

!d |c _Ef

TCI TCH
£3-Scphadex CM - Sophades
o LI (Rt
TC T T 1T
RESULTS
Chromarography

The chromatographic procedore is llustrared
ir. Scheme I Radivaclive Brr was adied to
paral serum, The mdstare was dialysed over
nght against 5 mM phosphale boffer pH 7,
and chramatpgraphed on  DEAE Scphadex.
All the radiozctivity was ehted with the et
baffer, 017 M MNaCl| {Fig. 1 A). The radio-
active (ractions were pooled, wlirafiltered, and
dialysed against the equiibration bufler of
the next step, When the pool was chromatao-
graphed on CM-culinlnse twe radicactive com-
ponents cmerged  (Fip. T Hy The st was
eloted with the eguilibration buffer and con-
tained aboul 10 per eent of tho radieactivity.
The rest of ihe radicactivity was eluted with
the last buffer, The first component cnrre-
sponds (o TC T and the second to TC 1T (12).
The TC II peak was further purificd en OM-
Scphadex. Most of the rdivachivily  was
eluted with the seeand bafier {Fig. 12y This

cotmponent  was  coneeniratéd  and uged "
TC T The “TC T peak from the CM-cellygy,,
slep came through with the equilibratiog b
fer in OM Sephades chommalography.

ML seram was purnilicd in fe swme way
Hs elution patterne in DEAR-Sephadey 'L"':ru
matogmaphy was like that of norma) ey
thig, 1133 AR the radioaclivity was Hustey
wilh 1he st buffer 17 M Nall W, s
component was pooted and chromatog - oy,
on Chd-ccfufose it was splil inlo bas (Fig
1 Te}, &4 was normal serwm. The Tiost pric | g,
responding te TC I, compined a mogt, T
proporeion of the adicactivity elited 16 ),
the first pesk (oo pormal serum, The g,
ranged freem 50 to almesl 100 per v | g
pending on U amound af TET ooy g,
ferenL sera, This component was ch may,.
praphed an CM-Sephadex and neatly i g,
activily eame through with the  equilibragiy,
bulfer {Fig. 1 ¥). This component was nug .
ML 10 1L The TC IT peak Tromn CMocely,.
lose was cluled will the second bulfer in Cpy.
Scphades, as was PO 1 from novmad sorag

The hinding protein from nermal and CM).
teukoeyles was purificd in the same way a,
the seram preteins, Om DFEAT-Mephades )
the radioactivity was elured with (W7 W b
(Fip. 1€3). On Chl-eellulos: this componegy
hebhaved Take 710 1 and praclically all e eadin
activity came thoough wilth the eqnilihatior
huffer (Fig. 1 H). This fraction was farthe
chramatographed on CM-Sephadex. The pu
torm wus sbmilar to that of TC I Most of {he
activity camc direetky  theough the  eolug
iFig. 111, hut «ome radipactivity was sl
cluted with 02 8 phosphate. The first poat
wat concentrated and used oy Lhe leukeory
Fye-binding protein (T.RY. Much of (he radw
activity became dialysable during witrafikns
tien. The second compono, which woe el
with 0.2 M phosphate, It even more alivi
during whrafifiration  and  was nol  sludic!
further. There wers no  diflercnees 'sivcen
the efwtion patterns of LB [rom nor ol and
L leukocyies (Fig. 1 J-L).

The hinding proteins prepared Ino 7 & owa
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Eig.». Three-step purilication of mormal aml leukemic sord and leukolysate by DEAE-Sephadex, CM-cellulese,

nd | *4.Sephadex chroatography. Absorbanue at 280 nm---

—-—, rathioactivity - - ===~ - . Abscissa fruction

Mrluer, fraction volwrme 18k The prolein concenlraioon wes Lo Jow Lo bt aneasured in [and 1.,

A pypfeation afnoral transcobalamin 1L

=13 Purilication of necmal leukeouyre 1 -binding pooten.
-Ly Purification of leckocyte Bp,-binding prafoin in chronie myclagengus Teukerii,

{7 Purilcation of transcobalamics in _-::hmn'u: myrlugenos leukemia serwill.
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Fig. 2. Pevikon clecipaphotesisof novmal and louke ki
kukolysate and sera. Applicgtiva point al ¢ ooy
aonde (o e right.

were free from contaminating Pae-binding peo-
teins as evidenced by symmetrical radicactive
peaks in gel fiteation.

Elecirophoresis

Fig. 2 shows the patterns obained with nor-
mal and CML scum in Pevikon electropho-
resis. TC | was in the g, region and TC I in
the q,-f region, Yree vitamin, when present
remained at the starting peint er moved

- CML TCI *
[=]

O
TC R

- HORMAL LB +
[4]

e

mp—

o
CHML LH

Fig. 3. Imnungelustrop horests 1f 1he Hya-binding pro-
teinrs wilh anti-loukacyie serum. CMILL TC 1, normvl
and €ML LR furmed radivagive procipitin lines.
Procipitation around  the application  point  #as
ahserved with TC I, The application poinls and the
aanisernm troughs Mg boen drawen O the Alo-

radingraTm.

sliphtly towards the cathode. The hinding -
lein of lysed Tt otherwise untresied ]‘-'Uk.;.i
cyles formed » symmetrical peak i g
pepion (Fig, 23 It moved somewhat fau g °
T 11 bt learly more showdy than T, By
differonee in mobility was detooed ey,
ihe hipding proteins from permal an Oy,
Jeukecyies (Tig. 21, '
Rinding proleins that hod becn piniy h
the chremalographic steps described [0 0
siderably stower mobilitics 1ban thow o),
starting malerial, Parificd CML TC 1 o,
in the £ reglon as compared with ¢, .
purilied TC 1. Puritied LI also bad ;o
ilv; originally it was gy Purificd T¢ - o,
aleo slower than that n wolraciiona. g,
terial, the chango being from .- @t " 1,
femhility of puritied CMLTC 1 and LI o,

also seen in imnmineelecirophoresis, as shp;

in IFig. 3.

Inrmuencelectrophoresis

CML TC I and the binding proteins from
nermal and CMIL leukocytes formed radin.
artive precipitin Hnes with anti-leukocyte, am,
gastric juice, and anti-saliva immune sera. T,

rositian of the arcs Indicated  mobiley for |

hoth CMI. T T and the leukocyte binding
protein, Too lile TC T was obrained fraem
normal serum o be used for the immune
logical studies. TC 1 ghve no radicactive line
with the antisera uged, but there w®as somy
nenspecific precipitation arsund  the applics-
Lion paint (Fig. 3}

Tmmenendif frxion

The pueified binding protsins weres stude
in double diffusion cxperfments in 3far g
apainst the antisera wsed for ol scine
phoresis, Only ML TC I and LI gave v
itde precipitin lines. The lines af thrse bindiee
proteins fused with each othet tFig, 41 TCH
did not give a precipitin ling with the LS
veed, neither did it interlere with the ares r
the othier binding proteins.

€0 LT 6 b
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Ve d. Tmmucodiffusion of OML, TL I,und LB against
amideakocyte serum (A%) The precipitin les fused
wicating antigenie identity, The wells hase Boen
-ravert o the suteradigrant,

et Jiltration

lurified binding proteins, sers, and Tysed
rukouytes salurated with radicactive Bz were
‘udie by gel fittration in Sephadex G-150.
Murified and wnpurifisd binding proteins gave
umilar results. Valoes for V¥, and the cor-
wiponding moleoular weights are given in
iuble |, Normal and CMI TC I and the Li's
lal ihe same V¥, valse indicating a similar
Ealcular welght of about T19,KR&, TC 1L was
“widyrably smaller, about 32,000 These val-
5 are close to those obtuined by Ham and
Weser; —121,000 and 32,000 {16).

Fig. 5 Pevikon cleotraphoresis. CML, TC l,und 1B
trepled with newranginidase - -« ----- L cantrals imels
bured withoal Rowraminidase —- - -, Applicatien
parine b @ o, ateode 1o Lhe Tight. Froe vitomin By,
tored o the wplobulin regon.

Merrantinielire Trealineit!

LB and 1T 1 were cach incubated with
sialidase. LB was purilied ooly with M-
Sephadex, and TC 1 was prepared from CML
serum by o guick lwu-siep purification on
DEAE-Sephadex and CM-Sephadex. Most of
this T 1 preparation had pormal @, mobillty,
but an addijonal slower component with e,
robility was seen (Fig, 5). Only one radio-
active compenent with g, mobility wus seen in
the LB preparation iof. Fig. 21 The mobilities
in Pevikon of the nouraminidase-treated bind-
ing proleins were compared with thoss af con-

Tabic ¥ Medecular weights determined by gol filtration

. YalVy
_— TeCaR ahgs Blclecular weiglt Ho, of abseevations
TCI 143 1.4E-1.45 119,000 4
1B 143 143144 119,000
TCI 2,06 204306 32,000 4
Bowing
Alburricl 1.7 1.6‘_3-—I | {6700 2
(stancard) - »
e -
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-

trals incubated wilhoot nedcamioidase, The
pedraminidase treatmend changed the roobikity
of OML 71 1o £ and that of LE alw
chanped. 10§ There was still, however, u small
differenct in tmwhility berween TC T and LB
aler the nevraminidsse treatmert. In the LB
control, which was incubated o1 37°C for 16
howies, 3 por cent of the g, component under-
went e same chamgs in mobilily as seon in
the sample treatel with nevraminidase (Fig. 3],

MESCISSI0N

The purification system wsed, le DEAE-
Sephadex, CM-cetlulose, and CM -Sephaedex
chromatogrsphy, was chosen L separale the
Bis-binding proteins from  cach ather. « Thoe
final preparsticns contained  contaminating
protecins but, as judged by pel filtration, the
pinding proteins did not condaninati cagh
olhet.

Chromatng.mphn, purification  caused A
change in the clectrophoretic mobilities of the
Biz-binding proteins, Prior to  purification
CML TC T had a, miobility and T.T g, Aftet
the three chromatographic steps these pm!um
had approdmately the same mobility, §. TC T
also changed its mobility, from g, @ f Fhe
change in the mobditivs of TC T and L1 connd
alsn be effected by trealmend with oeura-
minidase in vitro, B i5 thus possible that sialic
acid is split off during the fractionatien pro-
cedure. The plycoprotein fraction of serum s
known (o contain newrainidase activity (31].

Another difficulty noted by us previously
£29) and by ather investigators {4} was the dis-
sociation of bound Bz from the hinding pre-
eins during the later siages of purification.
This is probably dus to demsiuration of the
Bpe-binding protein in very  dihete  solutions.
When isolated trom a 40 liter pool of gaseric
jufce the intrinsic lactor-Bry eqmples was
mauch more stable than when - isolalod  fram
smaller amonmts of siariing malerial 19,

Mecause of these cifficulties fsee also Hom,
14) i is clenr that many critenia for rdentity
or non-identity must be used when comparing

the different Hie-binding proteins. CML, Te
and LB (CWL and normal) have idemjeg) EI-
tion volumes in gel filtretion and the Atlisg,
available at present indicute that their Biliggy,
propertics  are also  idential, 1‘“T“'Ermn,
after chromatographic fractionation g e
ruminidase Gestmenl these proteins by, sy
jlar electrophoretic mobilities at pl #E, |,

i iherefory likely that e prenulocyic g, bhe

saurce of serem TC 1 in CMT., as ey,
previously (sev (Hass, 5h The diffe nue N
mobiiy between TC I in serum an 13
feukocyles in vitro seems 1o be due in :_,-mn;
sialic acid conotent. In vive sizlie ach” 4,/
added to the L1 molecule when it i .
frum the leukocytes (ol Bylar, ).

The R proteins, incloding TS 1 -
seem to accur in most body fluids. iy,
logic studies have shown that these pegg,
bave compwn antigendc determinants {26}, g,
T I, LB, and the gastric R-proleimn {10)
similar molecular weights of about 125
However, they have different mobilities
clectrophoresis (24, possibly doe ta di{femm'
in sialic acid content. Studles with isoslear,
focusing have revealed holerogencity of ofhg
wise homogenenas iniriptic factor preparato.
This heteregencity is 2t feast parlly due o &
feremees in sislic acld conler! (8. The gaun;
amd salivary R-proteins are also beterdgooes.
in igoelectric Tocusing €73 The function of TC|
and the B-proteins is not known, Die bound
te TC T injected intravenously has a refugivel
tong half-life in the circulation, 910 days (15

“The human R-proteins enhance Bz uptih
in rat liver homogenates (28], bt G is doub:
ful whether this phenomenon has sy phys
lagical significance.

rC I has heen found only in serum. 1 ke
a relativedy small soleclar  weight, shar
32000 fef. 16). Piz bound ta TC TT infected
intravenonsly has a hali-life of oaly abmit L
howrs (153, Several it vivo and in vitre shudies
indiciie # transpott funclion for thic probes
o, 12, 15, 24

There thus exist at least threc o sses o
buman extracellular Biz-binding pro o LAY

eag

L W L T
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e fooor, which serves as o transport piran-
Afm T the pastrodintesiingd traer, 100
1owkic' geins to trapspart By in the blood
|' the 4 .es, and the R proleins, ischzding
S T Dand the intracetlutar LB, for wlich
=afnet an is ovel kpown.
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Modwre 191 (

Metaholites of Vitamin Bz in Bilo
after Parenteral Administration of the
Yitamin
EEVvERAL inveetigations huve  showi thpd - WL
animely arel in man!, i1 maBjny propa sk of tluy ki L
radioactivity cwercted afer wi njoed inn of radi-
potive vitwnin 11, A papere Lo i t!_u_:. Eile, ﬂn_li l-hfﬂ-_ it
man &b lenst two-thieds uf thie Liliney j‘ﬁ“’-lt_w-':‘-!-!"ﬂ-.‘r'
ia Te-mbuorbmd from the teatioe,  'Fhis irelicsbd
ghat vitarin By, ie subject Lo ah i}n{.rsr‘u-s.n:}'m,t.l-.'

eirevlation wimilar to othor aululongiy in il

a

3%{3?"308’ e

T liertive Lide s codlested v e bile ek
parevitio Tronan mirs meeseled ikl colioserive vilwani
. . Yiermgin 4, noed wiv Dot e ve el e siminge
vl bldidess af B8, werne ea e sk frsnn thee bides Thae
webliled il fpF0 2 3] wins ebebstbieed will 5 por cead
vtharin], eoel aoy hamel A, o T e fend
by hofligr fn waler e 13 min- Tl wiapwernnt mok,
wftea cvapeeation Lo g =pall volia, wins sl ojorfor]
tor ropaemtel e bractivaes wille ehlicedien arul thew tha
water-plage {pl0 2 500 suluratnd with ILIEIETf 1T LT
pnlphate, was mgdpneleal  with seenpolore Indanal,
Pl woeandery bokannl pdoea, alter mkling oilivl
wher, wits eabreelod with wolers Haoving rhuernbos
pemiiwed bmoat nd bhee et oaad  ipepareice,
comnpenouls  contabiing eoladt s welserebeel oo
artivabed elireond, wosleal sille Lope-r ecat phe nrl,
arnd Llen clotaed with het 85 per eoad aostane, L
cliate wis ovaporated o aosmall vulaome o wiich
g pon-raidioachive  eoreonieatil  vitamin 13,
salution was wlded Tor s coutiol spoo of the elortee-
pheretngram anl ohromatogram. Threupghout the
extaactioan, 10 31 waa kepl ot 23 sl wny cobal-
fenibas were rnaintnined o 1T epsne fure Ty tle
addition of 001 per eent sodinm eyanide,  Two-
dinnsional  eoprration of  tHhe wmelabaolites was
slivmpted by clogtraphoresis sl s potential of BV
cine [or 16 bt on Moo ! Wlatman iller pepor iR
bfier of G-5 I anotic acil and 001 por eont sodinm
cyanido ; folluwed Ly descending papor chrompato-
graphy ab right sngles to the dnecelion of elucteo.
phovssie in & syslent of wbor-saturatod peeondary
helanol with 1 paor eont accbie anid [w/v) and 0-01
per eont wodium cyruido, The esulting riudi oot ve
apoby o the: clicomakogram wora reeiverd Ly muking
autoradioprapba wsing X-ruy film. The radieackivity
in the chromatogestn apnts was vounted in a sein-
tillatiom eommter wlter cludion with watoe,

Fig. | showa tha resdts ghtained fromm a sample of
raf Lile. "The control spot contained oaly nen-radio-
aotive vitnmin 3,. deteriod Ly ite colour on tha
dliwoinatiruin, Bl s represented dmgrammutically
Mo vebative amounts ol radiceelivity contained n

Anole: T Ll
n icm.
orlgin
10 ]
ez 1 . .
o :
14 3
o1 S .
¥ redian. i Ip 4
T owl matiact
L S ]
gt b T . .
Ral _1
- Coenty sy’
ST E”'jf' L wrei
SETEIN IR IL IETY. |

Vg 1. Aaluesillegeaph oF o aunnple ob eat hilp fullowing bha
injeeibeem o colsalt-nb v linmin 36,

2314
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cpch wpod o the chromatogram 8 shown. A simdlar
ot a3 obdained foon a differont saengle of vl bila,

Copnperisan with thio woel of gblora? jclicaton that
the rartabebines of sclbmin T3, here doroonalendod
in blo are oonlogoes of 1|1'11n}.r|. 15, d Lika B,
Lave Zeeo clheclenphootic ability,  Feo eolalt ,1q
eobalt chiforida dul et wigraba Inoany of o ®rees
sl oo tho elimrabggrame Pho sl Bl coid o
b lewsd tawer anadoyoea of vilamin M, Tho major
porctisn. approxinndely theee-foneche, of (he odie.
hebivily wna progcnt ss vitemin g, fhe rorneining
fawts hefngr inothe T3, onabognes,

It hee beem gliown by olhors {Eea rol. 3) that
iransoobalaming g wore rowddily abzorbad in man
than the scher eobalamines aod ebeociorel analegneg
of 13, olworption of the lalter bedug dopenulend on
& gtrivl chemnical apocificity of the B, boneiinidac s
grorpt, 1t woema Hkely, thae-Res, 1hitt tho motabolic
rrodiets ol B will el bo eboorbod . or will be pomely
ra-abeozbed once they A cxercled s the Dl
¥or thiia ruasen, the pregenan of vibamin I}, anslogena
int, bilis offiug 8 possible cxplanation of tha appreciabl
amonnt af redicactivity eometimes found in Choe
fiecas of noemal Inoman ewljocds in e foeal sxerction
test of I3, abrorption®,  Nimilerly, it oo an ox-
planation of (he. finding® thet re-abuorption by tha
cnterohepatio  gircolation of tho  melsoctivity in
humas, Lils sftar poronibore! eobali-B6 vitamin B,
whs Pawoomplets, weing approximately two-thinds of
the total medionetivity prosmt.
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Experimental Anemins in Animals Resuiting from
Folic Acid and Vitamin B, 4 Peficiencies

E. L. R 8TOKSTAL

Depwsriaeent of XN uoritiona Fotences, Upive ity uf Culifornia, Rerkeley, Californic

L Inteodwredjon . . TR 7 7\
H. Monkewy S T 7 T |
A Foliv Acil Leficiency . . . | N I T |

B MoegaloLlastie Ancrmic Due 1o Aeavy .. 145

C. ¥itamin Ry Deliciensy e B £

NI Swiog ST O R
4. Folie Acid Deficioney . . . e £ 1.

1i, Vitniin B, Deboieney . ., . B 1.

. Combined Vitards By and Folie Avjd Deficienry . . . g

I¥. My S T 1"
A Folie Aeid Delichaey ., . N 1.7 |

B, ¥Vitamin Be Deticteney |, . Y i

¥. Chicla . . . . . . . . . A . . . . . AGY
¥L Guines Pese ., T T
A, Folie Acid end Vitunin B, Defivirey . . L L L . pm

B. Effect of Falfz Avid ned Asoorbia Aeid on Trrowine Motnbolis: . £59
VIL Bowipasss . . e 1
cluTemecy O |

L Inrwopierise

Interest in experimontal nnciniss in sninul hita been stinmlated by
their possible relution o Periieions mwmia v hunans, The olzervations
U pernicious suemin was related in ntvopky of Hie gastrie mucosa led
te many fruitless atbeanpts Lo produce the emivalent of this humen
degonerative oiseane by gnsteectemy in a wambwr of experimentnl animaly
{Buksabnrger of by, ME Peigioanet J eleseniis, 1941 Petri ot al, 19443,
The finding of exporimenta] vounterteity fo pernicious anerain did got
reault from a dicested seareh, but eatlier from nutrilional stulics procecd-
ing enneurvently with severs) experimental and darmesticnted animals.

Aithough the metabolic defects wnd nutrilional deficiencies in picr-
nicious anemiz are pow well knwwn, there is no nuetritional iheficiency in
any vxperiluental snimal that is cxnelly the saue as pernivions nnamig,
The complete hemntologieal response I this discase to cither folie neid
or Lo vitgmin B cuonod be uplieated in way cxperinental animal,
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exprecki Ny waeful lov siwdying e 1obe of wearbie seld in the otiology of
maerecytie anetnin. Wills sud Billimoris (1932) and Day e al, {1835}
were e firel 1o prodoce expeintantally und 1o differentiale clearly
what is now knews s folic aed defirieney or vitmnin AL defivieney in
the 1wrkey. TTowever, Doy (1914} rodrds aul in his ceeellont reviey that
“this syndrue or verruin manifestations of M Lave been redisesvored
and deseribud every fow years sinee 19197
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Doys on experimant
Tig. 1. Frepival wespemiaea of tha e¥lopenic nwnkey to noterg] plevayirigiutuings
aeld (Pasteluedhen cnsed fartor), 1 vach of (he two experinecnty an thie ritkey the

totel dose of vilamin wus npprosimaiely 3 g miven intrunuseularly. Courtesy of
Day ot of. {1945,

The rhozue monkey develops folic acid deficiency on n folic acid-
defielent dict withoul the yse of an intestinal antiseptic or folic aeid
sntagonist. Day and Lis ce-workers t=ed] o diet Dbased on vitamin-free
eraein, polished rieg, vitmnis, and arange juice. Oh Lhis diet s anemig
develops in which U is & Progressive deerrnzse i all types of poripdices]
tlood eclls (Dny, 1841; Totier of al, 1944; Dav of af 1045 Fangsdon
ebool, TO3RY, TlHs anemin ey Tos Bubad wirlin 30 &0 duys iy ¢ sl
135], Ervthroeyies ey decreuse fron s nommad value of & imilling to
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EXEFERIMENTAL ANEMIAS IN ANTMALS 443

1 or 2 milliun, A tuirked knkopenin ks the most chareteristio aspect of
Felie acged deficieney. Taty white voll conls may deerense {rom mormaf
fovels of LK 2k 0iRY 1y HRID-30. e g 15 & marked eramaloeyinsis
which is elmilr £ Urat ebserved i 1o0in acith-defieiont puts, S0ine animals:
may develop otk leukopenia whieh iy fatal witliont exhibiting oy
SCVCEE Narcnin (Day, 1044). The bone narrow i hyperplnstio wng megsio-
blastic (Wills Stevwart, 1833%), The sdministration of folic mejd
braduess g retteuloytc responze ns hivh yg 0% and 5 raphi inerpaze in
total white cells o o devel that LAy execad the normg] numsber, and g
Eradual inereuse ip liemoglobin and red cell count, (Fig. 1), (Day o al,
1845}, On the casein and riep bazal diet einployed hy Tray 1844), which
Turnished ahout 2 nn of folie aejg ber day, the minimgm daily protee-
the dose of folje actd is about 1o A& (Day apd Totier, T9485 . The
minkmitn s1g0unt requiny] 1o produee 2 maderate reticuloeyie IEEponge

{?%) 15 100200 8 {Wilson ef ol, 1948),

B, MEsaLoBLASTI Axevis Dug yp Beurry 3

The regruirentents far fglin actd Ly he rhespy monkey age modified hy
Breoriic mejd deficiency, The relibionship betweey nacotbic acid apd
falic acid wag originally oliserved in the ctislogy af megilobinstic angmig
of jofancy (Zueizer aml Ggilen, T846; Nav et al, 1850a), May and
co~-workerg {1930:4) altcugied fg reproduce e condition of megale.
hlsstic anois of infuyer iy unlieys by feeding milk diets vsed for
bvnian leeding. Thess digts which eonsistod of botled cow il werg
found io contain 2.6 pg of folic acig Per liler by Streptocoecus Jaceulis
aessy. More recont analyvis of cow milk i wlich nzegrlye icid wug used
o prevent destiuction shows Approximately 89 #E of {olie aeid per liter
in cow milk and gn A2 et liter in auterlgved milk [(Najman ang Ok,
1964}, This wanld give an intuke jn May's exporinmnts fMay ef of,
18304) of 20-_30 28 e iy, g 1inge milk diets, munkeye did o develap
LY anemia wion thuy were s istetnonted wig; asvorbic seid, Wy
warhic geid o onuibed eeurvy devidoped at shout B vy gl negig-
blustie ancmiy develope) 2.4 woeeks Liter, A neegen lublziadie b marroy
developed, and (o Lemiygtoliin ropienl 10 b % i 10-30 dirys. A
feakopenia alu o, welopsed. Thy welmatiisbiation uf folie wed dlone without
nECorbin ge | ranidly clindnety the anpgy lobiliisd ey, Liners pg eninll as
WE ug er by intr'rmmauu]:u'fy wid 200 e per tluy rally were found
to be effective in il Alavies of sseorhip avid (Muy of el, 1852a),
Arcorbie pojd alone iy cileelijve o relieving the Inegaloblnst geig {Mlayp
ef af, ]Hﬁ_EuJ s Blthough i Eome casce this rejum may Lg gradug) {May
et al, W50a). Vituniy i bs ineffoctive jy cither Prevrating ar euring
the megsloblustosis monkeys (May ef al, Mi52a) nithongh vitamin
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-
Bz # somedinies cfeetive i curing megdablastie aoemia o infauls (Alay
el al,, 1950},

The role of sscorbie aeid in affeclivg the appearsnce o anenia is ot
yeb clear, 1t bas been obseeved that leucoverin {6-formyltctraliydrafofic
gekl) is more effechive in rolicving, wegudeldusiosis than folic acid; 7.6
pE of leneovorin per duy wis found to be wmneh mwvee offective Umn 50 pg
of folie arid and somewhat lees effective than 750 o of folie aend (May
et ol, 19500, 1933). A=corbie acid has loen repotled Lo ncreose the
i witve covversion of folic aeid Lo cilrovorim factor by eat liver gliees
{Miechol wrd Weleh, 193 and {o jocrease the weinary exevefion of
citrevorom facor fllowing inpgestion of folie arid, The conversion of
folic acid to eltrovorum fastor or Jeucovorin (O-formylletrahydealolic
artd] roquires the preliminary reduction of fole weid to tetrabydraiolic
acid, Although i vun be visunlized Uint ascorbic =eid coskd facilitate Lhis
reduction, there iz liltle evidenee to show hal ascorbic acid is reqoired
for or will facilitnte the forination of tetrahydeofulic aeid by dibydroialic
acid eefugtoze in whish TPNH is the hydrogen donor (Blakley awl
MeDouxall, 1961; Huennehens, [963). Aseorbic aeid tmay also funellon
in incressiigr the microlidolegically aesuyable citrovorum faclor by in-
creaging the staliflity of e letenhydeololate derivatives during assay
{(Baketman, 18961; Bivd et of, 1965). Tetraliydrololic arid = aetive for
Pedloeoscus cerevisfee only when reoxtlation by moleccinr oxygen is
inhibited Ly ascorbic arid, Thus in'the presence of suflicient uscorbie acid
telrahydrajolate would appear as ciiroverum fuctor by assay with P
ceectigian (Bulierman, 1851 ; Bird of al,, 1805},

O the basls of recont information on the enzyinatie reduetion of folic
acid and ke fovmytation of fetralivdeofolute, there s no evidence to
support e conelusion thut azeorbie skl would directly focilidate the
formation of &-fovmy it ralordrofeliz aeld or any olher lormy] decivative
i vive. This is supported by e fael st the oleet of ascorbic aeld i
inereasing i wdifre iormution of citrovorum faclor in Wver sliees is non-
specific and can be duplicated by gloeoasescbie acild (Nichal aml Weleh,
1830] . This eompounn] wus ioelfective as o replacoment. for asearhic neid
i curing megaloblastic anemin in geavdutic wonkeys (May et al., 1952u).

Bludies on the content of vitamin By and folic seid in the liver showed
that the total folic acid eontend of the liver (niter conjugase treatment),
which is normally 1.0 pg/gm, had decreased to approximately 0.2 pp/pm,
i livers of monkeys with megaloblastic mareows {Moay et of, 1852},
This redured falie acid conlent was nob related solely {0 a reduced
usearbete eontent of the liver, sinee the liver asrarbale decreazed rapidly
fram & noymal value of 120 pgsgm to n value of 12 ga/mn in the first 30
duya on the deficient ict while the marked dreap in liver folate oecacred
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at abent 100 days when the liver ascortit: was 4 pgsen, The shuep rop
in liver folsie 1o 0.2 MESEN whivh cevureed wt 100 daye, shortly after
tevelopment of SEUCYY, coineilod wills by developuient of megalohlnslosis
May ot of, 1933), Treattent of scathitic megaloblastic animals witl
ageorhic aeied vansed a rise in [jver folute livels Lo 06 /g and develop-
ment of & nermnblustio s o Moy ef al, 195%). Tt gl bo notod
that the normal liver foliie values of 1 pp/gm of fresh Jiver pra ek
bower fliue {hose reported for rat fiver. Bind ef af (1965) found 1020
Ao in Rukoelaved rat liver after treatiment with conjuguse.

Ascorhic woid defiviency dues not ey aeniia by devrensing intestingl
eynthesis of foliv acid sinee the folje sebl content of the feces is not
alfectod. The intesting] uhsorption of erully administered folie aeid or
folic acid conjugate {2Muy ot al, 1653) is 4luo unaffected by ascorbie acid,
May and his co-wurkers believe thnt U appenrance of mogaloblastosic fo]-
lowing develupment of low Jiver folate vitlues is cuused by nitisperific sfress
faetor: cecurring in seurvy rather than Dy any specific ehowieal aotion
of ascorbate on folic aeid metabaljsm fAlay et af., 1953), This in BUpoLted
by the obzervation that monkeys an adequate disks which develop respira.
tory infection may develop megniohinglic marrows which are BESDCis o
with low liver folnte vahyes {(May et al, 19520). In uniouils with spvere
respiratory infection, the bvers of aninzls with megaloblastic wnena
wveraped 016 py of folute per gram while in these with normal ns hoses
te livers averaped 0.6 #8 of Tolie neid per ram. Nermaj inonkeys fod the
sume dicts fur lorg periods lud Liver fulale Jevels of 1) pEAEM, Tlhe
possibilily of inflampiation as o eausalive ugemt is suggested by the finl-

T'ABREY: 1
Erykcr oF Vamous AThies Cosprrinse ov TN Yitamoy Corwresr
OF Luven or Mokskys anm Taw DevELoimMEre OF Anpapeas

Taial
Aerurbic folic
Tortnl Aricd B Aeit]
Birean evndition arliiala A afgmt g
Controls, ndeqiata asoorlie puid 5 B2 10 1.10
Turpantine alecens, adaguata ascerbi: aeit
Mogalublastin i 111 [t 0.0
Saorbutic
Magslobalisiie 7 B b.a 014
Nermalilastie, fupplamontary folio gold 1 4 0.6 1.
Lufection, adegiut asonrbic geid
Aegalulalaskie oo ] [[E4 0.5 .14
MNoanntlgalis e . i - s 0,82

® Dubs conrteay of May of af, I:IE':J:;IJJ-
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ing that o mepgaioblustic murrew 4 ks develnped following turpenting in-
jectious whieh produetd sterile alwoesses (May ef al, 19320), Aller & or
4 injections the macrew Legim megaloblustic in aboat 50 daye. At this
time the Hver ascortmie levelas wevn novmal {ea 158 pegra) but the liver
folute values dropped to 03 pp/am, which s compuahle with the liver
folatle values of reothatic menkeys with megalehlistie aneoua, Tlese
dals show that infeetion and inflammmarion ean redduee ear folate levels
aned dhoa slnee o megalollastic anemin. Whether this inflionloty -
ppourie whieh oveurs i svurvy is eomparable with thut oeearying in Lut-
pontine shseess is jupossihle te say, Th does demonstrite that & nutri-
tional defivieney of fobie arkd may Le the resull of o secomdury effect
produeed by another cljolugieal agent as well as by a direct cffnet, The
effoots of Whese different stress conditions, srch as seurvy, infection, end
Lurpentine abscesses, o0 the folic arid and ¥itamin By content of liver
and 1he developmerd of anwnis are shawn in Table 1 (hay et af., 18525),

O, Vivamey 13, DEePICIENCY

A deficicney of vitamin 1y, in the monkey daed not appear to produse
an anemis smilue to persicions anemia. In the experiments of May ef al.
(1832x) milk dicts were ysed which furnished about 1 pg of Dy per day.
The administration of vitamin B . did not prevest or give any consirtent
hematological response in animals which developed megatoblastoeis fel-
lowing souryy. Mo information was Eiveh On S§rum B, levela in theae
experiments. Sinee mitk contains & small amount of By, it may be ex-
pected that no vitamin B;. deficieney wonld appear. The use of an all-
vegetable protoin is requited 4o preduee markedly defislent vitamin | L1
dicts. " Witkon and Vitney (1935) fouwed that monkeys maintained on a
eytthetic diet supplemented witl I png 0f vitamin B, per day experienced
a drop in vitamin By sennn levels 1o 2550 micograms (pg) per milliliter.
Tnder conditions of optimum nutrition on stoek diets the sernm levels
varied from 50 ta 230 pp with an average of 120. Administration of cither
tatie acid or aseorhir acid Lo megalohlastic scorbutic monkeys raused 2-
to 4-fold fncrense in B, seram levels, Admivistration of 10 ug af vitamin
B,. per day ta monkeys with serum levels of 50 g eaused I0-fold in-
areases i Res sorum level, hut no mention was made of any hematolegieal
abnormality on the basal diet or af any change fullowing adiminiztration
of vitamin By, Oxnanl (1964, 1960} has reported thal rhosus monkeys
recently captured have vitamin 1. sorum levels of 120 330 pg/mt. This
progreseively decrenses dwring enplivity when thoy are kept on an all-
vegetable diet and reael fevels of 203-80 pr mi after 24 menthe, Hema-
tatopical examinations revealed no anemia or macraeylosis. No marrow
shinlies worn reportod,
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EXTERIMEN LAE AN EMIAS I ANIMALH 449

In pernicious anemin vitwmin By senou lovuls of lusy than B0 pg/mk
are associsted with ancmia. It is thus appsrent that ihe monkey does not
develop anemin &b serum B,. levels whith are asgociated with marked

anemie in the human.
11L. SwIKE

A. FoLic Acip 1JEFICIESCY

Folic acid deflciencies in pigs have nol been gheerved with purified dicta
without the use of intestinal antiseptics or falie acid antagonists.

Plood rhanges have been produced in aduit pigs by feeding purificd
Jiets with easein as the protein source apel which contained mulfonamides.
I some of these oased {Cartwright et al., 1946; Cunba et ol., 1948) =
normooytic anemis daveloped which scemed to be due to & vitamin By
deficiency, since the adsministration of purified liver extratt produced o
marked reticnlocyte peak. In subsequent experiments with this same type
of diet, Cartwright and Wintrobe {1949) abtained partial responsés to
liver extract and more marked responses to folic acid. Reduction of the
level of erude casein froom 98 to 10%% made the nOenis mWore #evere.

The further addition of o folic meid antégonist, s-mathylalic acid
{Fraunklin et ol 1947, o the synthetié diet containing & sulfonnmide
produced & severe maerocytic anemis which responded only partialiy in
some apiroals to purified liver extract and Tesponded murkedly to folic
acid (Heinle ef ol 1048, itk Cartwright et al., 1848, 1949, 1850). The
hematological manifestationa ohserved with sulfonamide plus the antag-
amigt inchyde (a) & pevers apemis with the hematoerit dropping to 25—
this apemin initislly was pormorytic with numeroys manroaytes and &
compuable number of microoytas; the macrorytosia continued to devalop

even in the srimald veceiving liver extract; {(h) leukopenis with n greater -

proportional reduction of polymorphonuclear cells than monenuclesr
gells; (c) mild thrombacytopenia; id) a magalobiastie hyperplastic hone
marrow (Cartwmright e al., 1948, 1949). The blood and bone marTow Wero
rapidly restored to narmal by injection of 10-20 mg of folic acid or the
carresponding tri- and heptaghitamates. When 1 unit of liver extract (i
pg vitamin Big) was given, the ancroia wus not prevented of delayed.
When 150 units of liver extract ©F 150 pi of vitamin B, wa8 yaed cura-
tively a partial hematolopinal vwspunse was ohtained, aithough less than
thut given by folie arid, Thymine, which praduces 4 hemutological re-

wpanse in pernicious ':'Il_'lemill., was inartive. Flenle ct al. (1948) found that -

in a similar diet containing -sullonamide and an antagonist small doses
of iolio neid would give au inilinl Tesponse which bocame smaller with
gubscguent doses, and ihat thesoe pigs, which fniled 1o Toepond to small
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duseq of fulic avid, wonl despond (o fiver exbenet, 10 38 tes obvivus it
thiz diet whicl was aeutely deficien] i folic acid because of the ontag-
amist was nlso margiually defieient. in vitnmin I 11

B. Vitamiw I Demcssey

A murkedly vitamin B .-deficient dict rerpires Lhe use of o vegelahle
protein in place of earcin. Newinawn et al, ((48) fud a svnlhetic mitk diet
1o pigs, using molated soyiean ieotein, il oliained growlh inereascs gf
approximately SU% by the injection of liver cxiraet ar vitumin B,,
{Johneon and Neumann, 19491 Colluborniive Dematolugien] studics of
these animgls (Newnann et al., 1850} showed no dilferenees in munbers of
ved and white cells. Cnrtwright of o, (19561}, however, font? Wint when
pigs were kept for over 100 doys sneria developed in some pnitnals g 1
vitamin By-defletent divt. Out of 40 vitzudn B~deficient pigs, 13 showm
no anemin, 1§ & mild anemis, and 11 developed o moderate anemin which
was normocytie. No signifiennt leukopenia was observed in B,. defleiency,
buf in agme animals there was a moderately severe neutropenin, Tle
hypersegmentution of the palymorphie acutrophils whieh is seen in pErni-
cicus aneptis (Chanarin et of,, 1885) was not oheerved in swine. Bone
marrow examination revealed n alight ineresse in tha proportion of
erythraid cells, but no megsloblasts such as those observed in folie asid-
deficient pigs or in pernicions Anemia paticints were found. Although e
savere and eonsistent anemin developed, the animals appeared to he
severely deficient in vitamin B, ss judged by the reduced growth rate
and the marked growth respouse produced by vitamin B, administration.
The hematalogical disturbances wore not inerrnsed by administration of
desiecated thyroid, ioninated rasein, or plicoaseorhie acid. Administrn-
tion of vitamin B,; in 1nost cases produesd 5 retienlocyte rezponse which
varied from 5 to 25%, with one extreme case a8 high as 63%. In eome

- tases a reticulocyte responsc was abtained even when no aAnemia was

present. There was also no rorrelution between height of the retieuloeyte
peak and the severity of anemis or the degree of red cell response follow-
ing therapy. This is in contrast fo pernicious anemia where the reticulo-
cyte response ta therapy is propartional to the severity of the ancmia, Tt
ie thus obvious that » vitamin R,, deficienty in pige does not produee 4
kematological picture similer to that found in Iernitious anemia,

C. ComBINED ViTAMIN By axb Foule Acip Dericievey

Detailed stuwdies of combined deficiencies of folin arid and vitamin B,,
have also been made. Tohnson ef gl | 1950) wsed dists containing isclated
eoy protein and either x-methyifolic neid a5 an antngoni=t or sulfathali-
dine to inhibit bacterisl synthesis of folin neid. The first tvpe of diet

-
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prodweed 3 severy cowbined deficieney stute which guve n reticuforyle
responee t0 cither folie avid or vitamin B,:. However, the deficleney wus
30 sante with the antaganist thet it was nocessary to remove the antag-
onist st 3 weskes, at which time therapy with either falic acil or By, was
begun. .

Carlwright ef af. (1952) studied a4 louble deficieney uning u diet con-
tninisig isolated suy protein, succimylsuliathiazole and & leve! of x-mothy!-
folie acid which permitted pigs te be suintained for over 100 days so that
long-term obaervation could be made. The soy protein furnished 300 ug
of folic peid per kilogram of diet. On this diet a severe anemia developed,

- with bomatoert values aversging 26% at 90 duys. The anemin wus

deBaitely although not markediy macrocytic, the mean corpuscular val-
une [MOV) boing 84 p° compared with a normal valee of 53 p* No
significant reticuloeytosis accompanied the unemia. There was a leuko-
penia with the most marked reduetion in polymorplic neutruphils. The
marTow, papirated from the stermum, revenled an increased proportion of
oucleated red ceils, which contained the macrongrmablasts (megalo-
hiastic-like cells) secn in folic acid deficicuey in the pig end aleo a few
megalobiaets similar to those found in pernicious anemia. These animals
werd treated of 91 dayy with either By, or fglio aeid, Five animals treated
with vitamin B,: gave reticulocyte retponses averaging 13% (nunge 8-
26%]). The reticuloeyte response was followed by an ingresse in packed
veli volume (VPRC) in 4 out, uf 5 andinals, buk in no cuze did it reacl the
oormu] level. The stonnum marrgw response chserved by Cortwiight ef af.
{1088) coneisted af 2n imtial cazly inercase in eellularity, at which time
80% of the cells were of the erythroid scries. Two wecka later this Ly per-
oettulor reaponme huud subeided and thereaiter the myeloid-erythroid ratio
remained constant st 0.5:1.0. The atypical meguloblazta tended to dis-
appanr sdthough ap eceasional one persisted. The marrcw morphology at
thin tizne was not significantly different than that previousiy ohscrved in
swine defieient in folic acid. In the 3 animals given vitamin B,, injections

“over 18- to 21-week periode, the packed red eell volume rose to 309, but

not ta normal levels, The hematological response to B, in represented in
Fig. 2, Bubsequent administrution of felic scid ecaused a further incrosse
to the nermal level of 409% and production of & normal Lane marrow.
Aniwals given vitamin B,. gave a marked growth response compared with
these mob reotiving vitamin B, showing that s severe vitemin B,
deficiency was present.

The intramueeulsr siministration of folia aeid {5 mg for 10 days then
7 mg weekly) 1o 5 of He doulsly defieient pigs produced un average retie-
wlocyte risc of 21%, and the packed eell volume rose 1o normal valuea
within 20t to 3} doy=. With the disappearsnee of the sueaia, the mean
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eorpuseulsr volume deereased to wilhin the normal ratipe. Leukooyte
counts and eopovially the pplymorphie veutrophils (PMN) inerenserl

!' tranmiently abd then returned o the initial low walues, Tlhis trousient

: . Cinetense i TAIE 3s similoe to o Juene {rnsient viae incgranuloaytes o

higher Lo wornyil which foltows (e solministratinn of Elic acid to defi-
cient rats (130t and Sebretl, WED, Dy sowe of i suinisle reeeiving folic
acid, the packed eell volame which rose mitinlly Lo 13% drapped slossly
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Fun. 2. Development of apemis in & pig frd a diet defivient in vitamion Bu and in

- . pteruylghutemic acil (FGA) and the responee to vitemin B, The animal was given i
an initial course of 50 pg of vitamin Bo intramusculurly daily for 10 drve, This was :

_ Eolbowed v & reticulosytosia of 255 and 8 tempantry increase ig the ¥I'RC from 1

: to 39 ml/100 mb. After 17 daye vitamin T was again given 2pd & aecond regpons:
1 soczrred. U 50 g of vitamin By weekly, the VPRC roached a pluteau st 26-30 ml/
' . 100 wl Is wpita of the vitamin Dhe therapy, the macrocytosis persiated. The adminis-
tration af ptareylglutamic acid reanlied in allevintion of te anemia and the macm-

evtoma. Methionine supslometitation was legun on day 76 and contimned throvngihoue

the temainder of the xporinent.
MOV, mesn sorpuerular wolume; VPRC, volume of pocked red cells; refier,
retioubocytew: WEC, total loukecyte count; FM N, palymorphonaclerr cells,

over & 16-week period to about 35%. At this time administration of vita-
min B, prodnced u small reticulbeyte response and the hematoerit rose
again ta 45%. After administration of folic acird the bone mnrrow re-
verted smentiaily to normal. The growth response produced by folic acid
alone was ementinlly the sutoe a3 that produced by vitamin B, alone.
The hersatological response to folie arid mroduced an o donbly deficient
diet is ahown in Fig. 3. Tt ix miteresting to noww thid the arhiniti=triction of -
-methignine produced s moderite relicodoryte peals e view of the effert
of methioning in deevensinge e exeretion of formiminogloiamie aeid io
folie acid defielency in rats (Silvorman aod Pitney, 188},
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Fra. 3. Development of macroeytic anemia it 2 pig with the double distary
fdeBaiency and the responen b pleroviglutamnic asid (POA) After the wdminiatration
af PGA the retivalocyber inaressed 1o W%, e volurae of pecked red cells increnged
from 25 to 89 mi 100 ml end the mean corpuscular volume deslined, On continued
PGA thampy, tnemia agnin devaloped and wes then celieved by the administration
of vilamin B, Muthicoine supplomeniatinn ons bhegun oo diy 75 pnd enntinyed
threaghout the remainder of tha experiment, i

For embok &0 Fig, 2. ,

Combined treatment of these doubly deficient pigs with both folie neid
andd vitamin B,, (Cartwright of al, 1452 resulted jn & pronouneed rotip-
ulonytosis which was Ereater in degree than that given by either vitamin
alone. The packed eol? ¥oiume returned to normal in 30 daye. The mean
toruseniar volume, the total leukocytes and diferentin} counts, and the
bone marrow . morphology beceme normai The characteristics of the

Bouyaar or CHARACTRR¥TCE

OF ANEMian 1% Swing AMOCATED wiTH
Freroveciorasng Ao

avp Virawy B, Dxercienciggs

* Hemopoistic responss tor
Anemiat —

Def- Bone marmo Folix: ‘Folle aeid
alengy Heverity Type o hodagy oxvid By + By
Folio #old -+ 44 Macrosriic Macrarmobleatic  4- ++4+ 0 444

L] + Nozmocytic  Nornwlilaglic 1] -+ +

Foli acld 44 Maeroeytls  Maewunyrmoliastic ++4+ 4+ 4y
+ Bp

- Few mesalolinaty

* DRis courteny of Crrtwright of o, 1953,
*Hey to symbola; L4 +. very swere: 4+, mild,

‘Key to symhols: ++ 4+, ke reapone; +.:4, 1odemte reaponse; o alight e
Sponse; {1, no responae,
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avemias producnd in debeivueies of fohie aeid, vitnuin By, and » combined
deficiency of fulie ackd vitnmin [, nte smmarized i Table 1T

It is true that ibis Jul deficieney i swine reweinblus perpicious anemin
to the extent that s reticuloeyte reaponse anel in soma corce B Tise in
parked cell volume foflows the adininistration of cither [olie ueid or vila-
smin 1. Jlowever, it differs in that while vitamin By will cunse Lhe
packed cell volume to rige ta normal in pernigious wnemia, it will not o
thiz in the denbiy defirient pig.

. IV. Rata

A. Fovuig Acte DEFICIERCT

Rats do not develop folic astd deficiency symptoma on 8 falio neidi-fren
purified dict unless an intestinal antiseptic or a folio acid srntagonist iy
added. ‘The fecding of purified diets coptaining slfonamides (suifngunni-
ding or suceinylsulinthinecle) produces 4 severe leukopenis and granwlo-
eytopetia nud in some enses A severe anernia sfter 3-5 weeks on the

experitenlal diets (Spicer &t al., 1042; BebreR, 1943; Kernberg &t al., .

1943}, The blood pictyre that hns lwen ohaerved in normal and folie
avid-defivient rats iz approximately as in the tabulation.

% Oplls par mm*
Rais Hamsglohin Leukoeoytes Cranulosytes
Noemsl 16 410, 08015, M) 2 800-5, 000
Folic acid deficient 515 71, 000-5,000 01,000

Examination of the boue marrow revealed varying degrees of depletion
from #light to almost esmplete in the granuloeytic series and in some
cases evidence of incteased erythropoicsis (Spicer et al., 1842}, The feed-
ing of 10-20 pg of pure folic acid per day jor 4 days increased the leako-
eytos and granulooytes to normal [Daft and Sebrell, 19437 In some easca
there was a surge of Ienkocytes and granuloeytea to higher than narmal
levels.

Rats receiving & sulfonamide have an increased suscephibility to ane-
mia indueed by Irequent bleeding (Kornberg el al., 1844}, Although
leukopenia readily develops on & sulfonamide-containing diet, anemia oe-
eursa less frequently {Spiecr ef al., 1942; Karuherg ef al., 1943). The ane-
mia induced by repeated hemorrhage is prevented by the administration of
fokic aeid (Kornberg af al., 1944). Rats fed a purified diet without eulfon-
prmide bocome only moderately anemie when hled in & similnr manuer.
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Leukopenia, granuloeytopenia, and anemis have aiso been observed in
the absence of sullonamides on low-protein diets {Kornberg et al, 1546)
anéd on diets deficient in Fiboflavin snd panlothenie acid (Kornberg ef al,
1945). On thewe diets folic acid gives partial hematologies]l response or
inerenses the rusponse when the other missing dietary companent is added.
Rats raised under germ-frec canditicns develop folic seid deficieney in
§0-70 daya ay evidenced by blood dyserasia, reduced growth rate, and
exerstion of formiminoglutamic acid (O=it el al., 1963},

The use of a folic acid antagoniet produces savere deficiency symptoms
rapidly. X-methylfolic acid has proved useful in produding & deficiency

" i the rai since i eun be readily reversed by folic acid (Franklin et al,

1947). By the use of 1% of x-methylfolic scid, it was found possible to
pratuce severs granulocyiopenin (200 or less per cubic millimeter)
within 3 weehs in weanling rats. The cfett on noemia was much [eas
warked and apimals which had severe granuloeytopenia had hemoglokin
levela of 10% es compared with normal values of 14-18%. Some groups
in which the granuloeyte level had dropped to one-third of the nermal
lewsl still had normal hemioglobin valwes. When folic acid was added to
the diet in the prezence of the antagonjst, a rapid ineresse in granulocyte
comnt was observed whirh rose to higher than normial levels and then
returned to nonmal. The effect of the antagenist end the responae to sdded

Whaka blogd Calf counl
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folic eid ure shown in Figr 4. Examination of the bone murrow showed
thet the proportien of nucleated erythroid cclls waa increased and the
proportion of mnture granuloeytes in the myeloil woe greatly decreased.
The appearance of the murrow was simitar io that of folic weis]-deficient
rats which hud been fed sulfonatide-cuntaining dicts {Endieott ef el
1944).

B. ViTaMIN Bi; DERNCIENCY

Vitamin B, deficiency ean be voulily produced in rate Ly feeding
vegetable proteoin dicts, it o bload chenpes are olsorved unless the
dams of the exporimental animals sre also kept oo a defirient eliet,
Emerson (1949} reported that regular wexnling rats grown on u vitatmin
B-defleiont diet contnining soyhean meal and desiceated thyreil lwul
pormal red and white ecll counta. The additien of vitamia B.. to this alict
produced s 2-fold incresse in growth showing that u severe vitamin By,
deficioney had been produeed.

When fetnales sre placed on a vitamin By-deficient dict, the young
which sre born have hemoglobin fevels and erythrocyte cqunts 20% and
25%, respectively, leas thun those from the young of mothen Teceiving

vitanin By, There is a reduetion in leukocytes, the greatest decrense oo’

curring in the numbers of granulocytes {Newherne and O'Dell, 1859).
Bone marrow from deficient animals ghowed active Lemopoiesis and a
2. ta 3.fold incréase in procrythrocytic clements, most of which were
pronormoblagts. It appearad that moet cells were unable ta complete
paturation. The liver, which is part of the erythropoietic systetn in the
infant tat, showed a reduction in hemopoietic elementa. Borson £t al.
{1950} Lept breeding females on a diet containing isolaterd! soybean pro-
tein snd 1005 yeast a8 a source of water-soluble vitaming. The latter
would supply 2 mg of folic aeid per kilogrum of diet (Teepler et al,
1951). The young which were born developed lenkepenia and graoulo-
cytopenia. When the leukocyte eount was below 5000 and the granulocyte
count helow 500 at wesning age (2-3 weeks), the surviva! rate was fow.
Red blood cell counts ard hemoglobin levels were reduced, but not as
severely aa the granulocytes. The bone marrow showed a high degree of
erythroblastie sctivity and myeleid activity even in animals with leuko-
penin sud anemiz (Newberne and ('Dell, 1958; Boraon &f al,, 1950} . Ad-
ministration of witzmin B.. caused tapid increase in leukocytes and
granuloeyies to levels higler than normal fRovsan et al., 1950). Fed hlom]
vell counts ol Demaglobin levels 1ose more slowly. No retirulocyte re-
apouse oeeurred cven Iu oxtremely anemic animals, Injertion of lolir neid
gave only & transient increrec in weight and leukoeyte couut, despite the
fact thal the yeast in the hasal diet furnished 2 mg of folic neid per kile-
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gram, which is well ahove the digtary reguirement. Wien the lither was
divided mud hnlf of the animnls giveu 8 supplement af folic acid, no
differcners ‘due to folic acid were observel, It iz thus obvious that the
blood dyscrasis cannot be prevented or cured by folie acid without

vitamin Bu. .
Y. CIircrs

A dietary deficieney of folie acid chargcterized by snemia and reduced
growth rate is readily producud in chicks on a deficient diet without the
wae of & becterial sutiseptic or folie arid antagonist. The develapment of

" » pubritional maeroeytic anemia was fivss reported by Hogan and Prirott

{1940), and subsequently it w8 found that vitamin B, (PAfner et al.,
19433 prd falic acid (Jukes and Stokstad, 1047) werc effsctive in prevent-
ing these deficioney symptoms.

Chiele placed oo 5 purified diet deficient in iofie acid develop macro-
oytic anemia in 34 weeks. There is a marked reduction in hemoglobin
level, and the mumbers of erythrocytes anl leukocytes and of jmenature
red vells are increased (Campbell et at, 1045). The howoglobin taay be
reduced from & normal level of 9% to 2-5% in sovere deficieney. The
injeotion of folis acid to deficient chicks was teported by Roberteon ¢t al.
{1947} to increase the hemoglobin irom an inttial jevel of 276 ta 852 in
100 days with a reticulocyte peak of T0% at b dnys.

Felic seid defeieney in the turkey produces a reduction in growth rate

" and the development ol cervical paralyels, but no markeld suemia has

been okeerved (Richardsou et al, 1945). .

Vitamis B, deficiency has been produced iu the chick by many investi-
gatars, but ne evidence of hematologieal changes have leeh presented,
Nichyl et al. {1847, 1949} and Stern &t al. {(1952) feund ne reduetion in
the Bepoglobin jevel of vitsmin B,.~defieicnt ehicks, cvon though the
ndditlon of vitamin By praduced n 2-fold ipereasc in growth rate. How-
ever, when chicks were injeeted with phetylhydragine to indove hemol-
veis, the resuliing anetnit wils greater il vibamin T -leliciont ehicks;
and the chicks getting vitnmin D regencenld hemoglohin farter aiter
the phenylhydrazine injertion wis discontiniett than did the deficient
chicks {Stern ef of., 1952). In Lhe ahrenee ol pliewy lhydeagine, the hemo-
globin eontent of the elncks wis the same willl and without vitamin By
This indiestes that vitamin 13, deficieney does reduce the capaecity for
rod ecll formation which Loeoines erilienl only when the stress of hemal-
yaia is imposed.

Hemoglobin levels and red ecfl coumts are reduced by 30% in vitamin
B, deficiency in chick embryos from dums on partislly deficient vitamin
B,, dicts which permitted n hatchability of 45% (Han et ol 1952). In-
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Juelion of vitamin By bte this egr inereased de henegfobin and ned cell
eount to levels vltuived by giving vitamin 5 in the diet of the hen.

VI, Guinra Pioe

A, Foric Acip sxe Vitanin By DeRMcIkNGY

The guines pig ia wn interesting animal for the study of the effeets of
folic xeid and vitwmin By defivieney o thut it requires dickury wenorbi
acid and thus is simialor b moikey and mon in this respest.

Falio eeid deficiency can be induewml in the gainea pig by simple diclary
deficiency without the use of mtestinal antiseptics (Woellty and 8prinee,
1945; Woodmiff et al, 1953; Reid ef «l., 19548).

The hematocrit is recdueed frome o pormal level of 40% lo 30-356%
shortly belore death, and the hemoglebin levels drop from o normal level
of 14% to 1656. Comesponding decrenses in number of erythrocytes oe-
eurred, and the menn eorpuzenlar velume deereaged slightly in folic aeid
defleieney. The total leuloeytes decreased from normal values of epproxi-
mately 4000 to 1700-2000 per cubic millimeter. 'The most marked redue-
tion aecurred in the vumber of granulocytes, which decreased {rom normal
velnes of 1500-2000 ta 690 per cobie millimster (Reid ef af., 1958), Two
milligrams of folic acid per kilogram of diet was found to be adequate for
hemoglobin formoation, but & me was required (3 mg waa inadequate) for
white cell fermation (Redd &t 2, 1856}, The requirement for maximum
growth is 3-8 mp per kilogram of diet. Ancmis hus also been induced in
guinea pigs by the edministration of aminopterin (4-aminenteroyl-
glutamie acid) (Minnich and Mooee, 148, Tanes ef al, 1049; Girdwood,
1pa13. ' '

A& detniled bemutological study of the peripheral Bood and bone mar-
rew in deficiencica of folie aeid, vitamin B, snd aeeorbic acid has been
made by Bluogaard and Higgins [1958). They abeerved megeloblagbosis
in diets deficient in either folie neid, vitamin B, or both. Anemis devel-

oped in hoth deficiencies af vitamin By, snd of folic aoid and of a com-

bination of the two. Awcorhin acid deBeieney alone produced s mild
anemis in pne-fourth of the animals, but no megaloblasts were observed
in the bone marrow. Mepaloblests were obaerved in the marrow in 4 out
of § animals deficient in folie acid, 1 oul of & in vitamin B,, deficiency,
and § gut aof B in a deficiency of hoth folic acid and vitemin B,;. When

" macorbie govd deficiency was further imposed, tha time requirad For

megaloblastosis to appear was reduced.

It was mlso ohserved thet dierhen aesurred in some of the deficient
animals and appeared to be assoctuted with megaloblastosis, In curative
experiments 2 animals deficient in hoth folie acid and aseorbie acid were
given separate injections af folic aeld and aseorbic acid. Aseorbie aeid

- g
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alone did not aticet the Jdevelopuent of severe muegbaliistosie et al-
senee of folie neid. Wien folie ackl wus given, 8 reticulocyte response
oecurred and the megaloblostosis dissppeared. '

B. ErfzeT oF Forte ACip AN Ascosblc Acio oy Tyeusixe AETAPOLESM

A relationship has heen obsorved Letween folie weid aml asrarlie acid
in the metabohsm of tytesine, Administration of lavge wnounts of tyro-
wine to the seorbutic guines pig produees a murked inerease in the cxere-
tion of p-hydroxyphenylpyruvie aeid, bt almesk none in the normal
animal (Sealock and Silberstein, 1940}, This incrensed exeretion of

- p-hydroxyphenylpyruvie acid develops within 48 hours after uscorbic

aeid 15 removed from ghe dict and before symptoms of scurvy appeat.
WoodrufT ¢t af, (1949) fourd thow excretion of p-hvdrosyphenylpyruvie
acid could be reduced by 25 mg of astarbie aeid poer day or & mg of folic
acid. Either supplement was cffective in reducing the excretion of tyro-
sinc melabolites, but andy. nscorbic acid prevented weight logs amd s¥mp-
toms of scurvy, Although wbe response of the seorbutie monkey to o Jond
of tyrosine i6 similar to that of the gwinea pig, fohic acid is ineffective in
reducing the excretion of p-hydroxyphenylpyruvie aeid {Sahmon and
May, 1950, 1951). '

The jncrease in p-hydroxyphenylpyruvie acid following ingestion of
tyrosing in the guinea pig has been found to be the resilt of o rapid
increaso in liver iyrosine travsaminnse and o subsirate inhibiiion of
g-hydroxyphenylpyruvie aecid oxidaee (Knox and Gogwami, 1960 Zun-
nopi and LaDau, 1960). Asvorbic acil functions by prateckine tle
p-hydroxyphenylpyruvate oxidase from sobstrate inhibition {Znuuumi
and LaDiu, 1960). Folic neid [unctions in & similar manner Ly protecting
the oxidase from substrate inhibition (Zannoni ef al., 1962}, Folic ncid is
ot sebive @t vitre whereas ascorbic acid is active both in #/vo and
witro. The activity of the enzyme is uot reduced ou & folic arid-deficieut
diet, and there is na evidenee that folic aeid ia required ns o cofactor Ly
p-hydroxyphenylpyruvate oxidsse. It should nlso be noted that the
amounts of folic acid required to prevent p-hydroxyphenylpyruvie el
excretion are latge (520 mg/duy) in comparison with the nimount of folic
acid needed for growth and hemoglobin formation (er. 0.1 g day}. Thus
it seems unlikely that the relationship between. folic acid and nscorbie
aeid in the metubolism of tyrosine suggesls suy effect of ascorbic acid on
the metaholion of [olie aeld that may modify its bewatopoietic effect.

. VII RusMisANTS

Folic acid dcficiency hag been produced in lambs fed a syathetie milk
diet (Draper and Jehnson, 1952].Thiz wos eharaeterized by o marked
reduetion in white colls from normal levels of 00D0-8000 down fo 2000-

»
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3000 per eubic millimeter, it no veduction in growth fate over an 8-weck
period. The Lemoglobin and crythroeyle levels were uneluogged, aned 0o
megaloblasts were found In the Done nerrow, The addition of folic ackl
antngonists suel ax X-nwethy lulie aeid anl niuinepterin aecentuated the
leukepenia,

Vitamin B,z defivicney develops when ruminmls ure maintained on
cobak-geficiont dieta. Cobull deticiency vosadts in doss of aprekite, roduce:d
growtl rate, evoutual weight Jass, nud severe aeiis enliinating in ileath
{Thiderwood, 18625, Smith of af {1831 feprordesl 1Tt Tvandss kept for 13
waeks po low-cobalt dieds (OUKE praw ol cobudld liwd weal el eeunts i
hemaglobin lovels that werc o vne=Eiiird 4o one=hall fewer g thoe:
of contrals recoiving a vobalt sapplorient {1 my ul el 4 e by, Thee
snemin was novmocytic ol sormoeliponi, This aenewin van e euresd by
piminizteation of vitumin By Achuirdstradion of felie pekl s e elieel.
(Houkstrn et af, 18521, The mininum cffective singhe dose is about IR
pg af vitemin Bas subcutancously (Swith e al, 1051}, grualler «lomes bedange
inefiertive. The requiremcnt of the sheep is therefore muel higher thun
that of the human and is more rowpatable ou a body welght husis to that
of the chick aud the pig, which are ronghly 1-2 pg por kilogram of body
weight per day. It is alwo interssting that the vitamin By eontent of
Hlood of deficiont sheep is about 500 pe/inl avd that of nermal gheep 2300
pg/ml (Hockstra ef al, 19523, This muy be compared with the normal
tevel of 500 pg/nl in normal humane and average levels of 40 pg/ml in
peralcious anemin (Lear ef al., 1954). 4

Vitarain By, deficiency hasz been induced in Founy nonTuminating cajves
kept au synthetic milk diets containing isolated soylbean protein (Draper
ef af, 1952}, Althougl n marked growth redurtion wos obzerved, no
marked anemin oneurred. The bone muerow showed a reduction in the
proporlion of myeloid cells and an incroasze it ervthroid ceils {Johnson,
10581, Lussiter ef af. {1833) found & slight incresse in the hemoglobin
and red cell counte of vitamin B-deficient calves. This may have been
due to hemoconeentration resulting from the extreme dubydration which
oceurred in the deficient animals.
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AND ITS PREECURSORS FOR LIPOTROPLSM
AND RENAL PROTECTIOXN IN RATS
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In & previons report (&chaefer, Balmon, Strength and Cope-
land, '30), it was shown that the incidence and severity of
renal damage in weanling rats receiving a diet low in choline
and methionine were markediy reduced when the diat was
sapplemented with either folacin or vitamin By..and tha
when both were added the cffect was additive. Continued
. - siwdies have been made on the posgible role of vitamin B,

. and folacin in the utilization of choline or choline precursors ¢
- .for the maintenance of normal liver fat, prevention of rotal
¢ ” damage, and promotion of growth. It was nnted that for
& lipotropiem Loth vitamin 3., and folacin were required, in
% ontrast tn the partisl protection against renal damage pro- '
‘“3 wided by eithér vitamin By, or folacin {Selineter, Salmon and
{u Birenyth, '50). :
- The purpose of this paper is to report the following: (1)
#,g that far lipetropism nnd protéction against renal damage in
... raim vitamin B, and folacin incrense the eficiency of choline,
R betaing, npi-methionine, dimethvizmincethanol, and methyle .
7 smineethanel; (2) that the tricthylhomelogue of choline ap- :
; " pears te be an antimetabolite of choline; and {3) that vitamin
s ;. By and folacin nppear to he eesential for the hinlogical sy
,: thesis of eholine.
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EXFERIMENTAL

i,

Weanling rats of the Alabama Experiment Stution (AKS) .

strain weighing 40 to 50:am were placed in’ individnal cages
and apiformly g¢ronped with respect to number, weight, sox

and litler. In general, cach treatment offoct was determined

on 4 rats per groep anid repeated one to 4 times. Fead and
waler wore supplied ad libitum uniess otherwiso indicated.

The busal dist contained oxtracted peanut mesl 39 (50% pro-

tein) !, snerose 3345, extracled casein 69 salt mixture (un-

dried) 4.4, L-cystine 0.1; cod liver oil 1, and 1ard 19%. Vita-
mits were added (milligrame per kilogram of diet) as follows:
{hinmine T 4, pyridoxine HCL 2, riboflavin 4, caleinm pento-
thonata 10, nincin 20, {-inesitel 200, alpha-tocopherol 25, alpha-
5, $anethyl-1,4-naphthoquinone - 3. The

tocopherel aectate 35,

_total mothioning and choline contents of the diet wers 0.30%

and 0.065 %, rerpectively. In the later experiments a more puti-

fied iot was used which contained peanut meal snd casein that
had beon further purified hy 7 additional one-hour, hot 95%
methanol extractions. By this procedure the cheline concen-
tration of the peanut meal wis redoced from 0.17 mg per gram

ta 0,005 mg ar less per gram.
+ Al +als wore necropsiod after death or at the end of a

14-day experimental period; kidneys were examined for path-

ologieal lesions and liver fat doterminations were made. Liver
fat was expressed as per cent total ethor-extractahle material
on & dry weight busis. Fov the determination of lipotropic
activity wherever comparisons were made between treat-
ments, it was required that maximum body weight. cains be
mado by all groaps, If nit, the experiment was repeated naing
controlled paired feeding.

Hke responses to varying levels of dietary choline or cho-
line substitutes weve messmred by use of three eriterin;
namely, hody weight gain, maintenance of normal liver fat,
and prevention of renal damage. Tn the diseussion of thesc

' Engel, B. W., J. Huolvitlon, 1n48, 540 739,

*Salron, W. Tr, 1. Wuliition, 1847, A4 185,

FBeg footnote 2. )
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. experiments the term sceholine equivalent” is used; this is
based vpon the ypothesig that the compoands Were ntilized
for the blological synihesis of choline, One mule of AIing-
-gthanol, or methylaminoethanol or dimethyluminecthanol,
_when puppled with three, v, and one methyl groups, Ta-
ppectively, were considered equal 1o one mole of choline. For
the purpose of choline synthesis, three moles of betaine LU
ot Di~incthionine were congidored equivalent to one mole of
choline, ‘When dimetbylaminosthancl was nsed alone, three
moles were considered equivalent to two moles of choline.

BEBTLTSE

The interrelationshiy of pitamin By, foléct,
and choline in lipotropism

_’::' The ineffectivencas of vitamin By or folacin as lipotropic

gubstances when fed pingly to ratis receiving the bagal dict
;. supplemented with 0.10% choline ¢hlorido is shown by the
results in table 1. Supplementing the diet with both folagin
¥ and vitamin By, redveed Jiver fat from an average of 3%
P to 1895, #

Sinoe both vitamin B and folacin wero emsentinl for the
¥ reduction of the distary choling vegnirement for lipotropism,
!  in subsequent gxperiments botl: vitamin By and folacinn wore
%, “either omitted or ineluded in itho diet. Supplementation of
tho diet will vitamin By and folacin markedly suppressad
the accamdlation of fat in the livers of rats fed subprotective
S - lewela of choline {table 1}. In general, the hiver fat of the
4 vats fed the basal diet supplemented with 0.08¢% and 0.12%

choline chloride and alse with vitamin B,. concentrate pud
‘folsicin was equal to that of Tats receiving (.12% and 0167

_&hnlina chloride, regpectively, without supplements of vitn-
+. _min B,, and folacin. Since these 1 trentmenis supported maxt-
¥ mym growth, protected agninst rena) demnage, and guve a
: . marked reduction in liver fot, they were used ns 0 hasis for
4+ comparing choline o choline precursars for lipniropic activity.

._.'-1'.3,-._,?._._. L

-

+
L

s .
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Choline chloride fed at the 0.209% level was apprnx'limn;tﬁl}_
‘an effootive for the maintonance of mormel liver fat ns wae

0209 eholine chloride plis vitamin B,, and folaein; The

lipotropie nctivity of vitamia B, and folacin appears to con-

sist of a cliwline-aparing offect, wlm:h is ml.mfast at Bubprn- .

{ective levels of choline. _ _ s

'r.mmJ 1 .
Intatrelatfenakin of cfamin By, foln&h wid sholing 1 u?ﬂlréphn " .f_!

b

) : LTS

TETARY SU3FLERS NE wo LVIRAIM ANWAENMIE m‘::'lﬂ

‘Mheline Vikgmie H,y Poisela M Fal ' FINNET
[#ry Watap BANEGY
ah .

3 "n'fl'! mm-'hr . it ks 3 5. » .
LW ¥ i 18 10 00 P
0.06 U i 16 4 ap
ns2 0 (] ] FT] ) .7} 1
010 n 0 B 65 3 @ B
1 0 0 q o - & "
nig 0 0 4 61 17 70 0
ngn 0 » 8 5 W AT 0

RN ] k(1 12 [~ 35 =3 0
0.08 . A 8 5 45 57 0
.08 -4 an B s 28 Bd L]
0,10 ] 10 L] 56 I8 84 a
012 a A0 ] ad 17 ar B
016 ] an 4 14 14 1.3 L

. n2n ] 30 ] 58 12 2] 0
010 10 a 8 50 an 5 a

0 B 5 39 B0 1]

.12

The activity of betaine HO and ni-mellionine
in Hpolropism and in protection
agamat restal domape

~ Vitamin B,. and folacin added to the hasal diet smpple-
-mented with varying levels of betaine or pL-methkionine ex-
erted a marked aparing =ffect on the requivcmoent of theaa
compounds for the promotion of maximum growth, prevention
‘of renal damage and lipnti-u_p'gam {tahle 2). Bopplementation

2668
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of the diet with betaine HCl or pi-mothionine at the 0.08¢
choline chloride equivelent level, withont vitamin B,; sad
folacin, resulted in an incidence of renal damage of 100%
(table 2) ns compared to 139 for choline chloride {table 1).
When the diet wae supplemented with vitamin B,. and folaein,
three moles of betaine HC! or or-methionine weve as effective
~ 88 one male af choline for proteetion against renal damage

Macte B LT

and lipetropism.

L * TABLE 2

. Tha activity of betoine and mathionine

* .__II‘II'I'.ll'I' BEFPFLEXINT ) TJI'\I'IE; I

ﬁ'ﬂ'.l.'l"l"ﬁlﬁ INCIDEEORN
Falanin N AFFRAGE —— oF
' ' Cholins . wnd oF HODT T, Fat

R N A R 5
v ] ] L L

e - = . e g —
'r‘- Bataine HC1 0.08 ] 5 20 - 10

. Betalws HCI 0.12 o 2 +5 1] ] n

- Bwtalwe Iclt n.l1a 1] & 53 16, 0 n
#'ir Betine HOY .08 + ] Bn ot an B
. Betalsa HC3 0.08 + a M & 0
[ Betahw HCL 0.10 + a o 18 ap H
¥ .

v ebeMatbianing < .08 0 8 it . 104
B¢ L-Methloniws - 0,12 a g 43 36 1] G
;& - M-Methioning 016 r B 45 2 66 n
. B-Mathisaine 0.08 + 8 " 21 a3 B
¥ * sy Mothioatee . 010 + 8 fe a1 ag o

-

- ——— —.—.n-.-_____._ —_— ——————— am

'ﬂtl:min B,, i'ﬂl ot AD g uml folacin ot 2mg per itllugmm r'lwt,

et

i

ol Sl
£

Tiho a-:rthtg.r of dimethylaminoethanol and methiplamina-
‘o othanol ig Ilpatroyum ond promofion of prowth

* w. Neither dlmethylam:nmthnnnl nor methylnmincethonol fed
“ to rate at varying levels was equal to choline for the preno-
"+ tion-of growth and maintenance of normal liver fat (trbles 3
-and 1), In the alsence of vitamin B, and folacin, incrensing

ﬂle leyel of methﬂnmmaethunol or dlmoﬂnlnmmﬂntlmnoi

e AT
";k
Fea,
r

--‘wmg.v--w #_-.

ak

f':-__.ralnlted in e depression of body weight gnin. ‘When {hese
i “eoempounds were fod nt a choline chlovide equivalent level of
kh .

€
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0,140 o {without vilnmin Hu and folnein), average liver fat
valnes were 3% and 26%, respectively (table 3), ax eompareﬂ

to 1750 when choline was fed {table 1). ' !
. . {r -
‘um.n 3 ' [
The artivily af dimﬂhyinmhwtﬁ-mbl wrd mlh]!qmimth#ﬂ PR
UYL AY AL FFLEMER T T LrvER . ﬂn:tn:o: R
saikyl m':““ h::d‘ .E:’; % i.ll;":“' : I
i ﬁgm':n : iﬁm Water DANLOK o
L i - ke
o FTATE ™ % - % -4 e
Iimicthiyl- e : RS
am! noethozul n1a i & . 4 N 1} n. .
I lmscthyl- e T X
aumnioethinal iL16 " 4. 48 28 > IR I
Mmethrl- R
umminapthamel .40 L] B B2 N B4 || I o
[rimeihyl- ) A ’
minenthanel ,0H -+ ] 5 48 0 a B
Dimothyl- : : ik
nminnatha el win + B 53 - .1 ] 0., -
THlmethyl ' ' St
anttnnethano a0 + ¢ as A | I .
Lrimethyl- T ,i
amingethanol n.40 + i 46 17 & . s
) - r
Methyl- . .
aminsethannl 0.0 0 B 3 A8 av 13 A
Mrthyl- . . '
fininoothanol n1e D B =0 3 o8 13 oy
Methyi- :
aminagthnnol nig 4] " R n 36 hi L1y ]
Mothyl- . j
aminoptha el LR o] B 1% - a4 2h o
MMulhyl- . ’
rim inpethann] 10, =+ 4 K1 41 i t] q " :
lcthyl : : Lol
nrrinocthanal LNL <+ 4 1) AR L.1) L1
Methyl- ' .'I
aminsathonol n1g + a 48 4 87 L] :
Muethyl- : : . !
aminnethanol 20 + a 30 kL] 87 0

*Thirty mierngrvame orystalline vitamin B and 2mg folnein por ki‘lngrlm
af diet. .

"
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The addition of vitemin B,: and folagin reduced Mver faf.
The metivity of dimethylaminoctlonol was considerably
groater than that of methlaminoethanol. Whou fed at the
008 or 0.10% choline chlovide equivalent lov el, Rrerage liver
It valwes weve 46 and 32%, respectively, for dimethylamino-

" ethanpl (table 3), as eumpﬂred to 26 and 189%, respectively, for

h
. choline ¢hloride.
' TARLE ¢
3 - The toxicity of triethylohsline
. o METARY MFFEXHINT " YER —
F A e AVERLGE ANALEEIA Ok
:1 . "*..1, lﬂiﬂllhi ::EI: mn':‘ m’::::" l‘l;‘::' Waker lm?;"“
rl. m O 1]
e ' w‘Il '¥q" Talng . ?
%* e #4.1 wka. % o "
9.0 1 -+ + 20 42 an o
w 008 0 + 4 1 8 58 t
A Ao o + 4 18 g [ o
LA 0 ] 8 2 40 58 63
PLoome e+ + & s g 0
. +.m b4 + a 1 s 6l 0
" 08 - a4 + L ! H 34 B3 i
APTR &7 oM +. s 28 1 S 35
" _
[+ Ty mi:.wpaml u'ﬂtllinu nbnnin B, and 2mg felncio per kilngram
57 of alat, '
F‘l. . r. ) .
!_ . Rt Tﬁe tozicity of .lrmﬂ'a ylcha.’.mr
v 'I'lu triethylhomologue of choline (triethyl-g-hydroxycthyl-

- ammenivm hydroxide) fed to weanling Tats ﬂl‘..-emmgl'} fane-

* tioned ae an antimetabolite of cheline (table 4). Whes the
;:baaal diet was supplemented with nm;:a to 0.209% choline .

+-chioride, vitamin R,., and folaein, maximam body weight ghit

v (58 to 68 gm in two weeks) was attained {table 1): lowever.

" sopplementing the diet will: triethyleholine greatly ‘arvestedd

body weight grin dod resplted in renal dnmnge and fatty

«" Hvers, The addition of choline ebloride to replace part of

v the triethylcholine fided in promoting growth and in pro-
k- ﬁecﬁnn Egﬂll’lﬁt rm:mi dumngn "However, as the level of ini-

&
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336 BIRAENGTI, SOHAEFEN AND SALMON

clhykholine wa inui'unsﬂd; and the uholiné- clloride supple- .
ment maintained ot 0.04%, the body weight gain wae again

dopressed and liver fat values remained high.

The cff et of vitamin B,, and folacin on utilieation, :
of methylaminocthanel and methioniy
-tn lipolropism

Continued stadies on the fonetion of vitarmin B, and folacin. .

fu the udilization of choline precursors in lipotropism and

GB“ +Bﬂ ’ "
O FOLACIN +FOLACIN "=
Eﬂl 50 |
EW' - -ml'
caol [ o
< o E
s} it 0§
§ = ; . g;'
o zol H 2 i {lzo v |
»” it o i -3
rof Bl | 1o
a1 B i ]
i, MO O G, MOHD.  METH, .:HF EMOL.

METH. METH.

FED AT= .12 % CHOLINE CL

g

- . _ij.

Fig. 1 Thu uotivity of methylaminosthenel ged ne-methionive, Each trsat- -

ment waa repeatod will 4 zots por growp. Cue mole of methylaminoathanol and
two moles of sl-watlivning neplaced one mols of choline, Wher wothylaminosthansg]
wan fed singly, three malea werc uaed to replaca one mols of choline, - By -
folarln = Idugr of erymtalling vitomin By; and 2mg folacin per kilogram of diet,
" Momo, e= methyInminectliane. Moth, = m.-methionineg . S

]

protection against rennl Jamage indiested the need for B -

more purified diet in which the choline, choline precursers,
vitamin B,,. and folacin content conid be reduced to amounts’
lowor than those contributed by the hagal diet. Tn the follow-

2RR8
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ing experiments the more punﬁed diet, in whmh the casemn
and peanut meal were thoroughly -:nctractnd with methanol,
was nsed.

The original basal djct suppiememzed with betnine or pi-
methionine a! & choline equivelent level of 0.08%%, plus vita-

min By, end folacin, completely proteeted against renal dam-

age, whereas the more purified diet supplomented with the
THE ACTIVITY OF DL-METHIONINE AND AMINOETHANOL

m
& .

o
ACIN
Emo - 9_—m’ — —i00
W - =
280l |- = + By - 80 I
x = o~ + FOLACIN
8eo+ [Z = 460 ,
o= -
: 5 awl |- = 4 a0 @
W = - %
w20 = = 1203
O —RETH HETH+  METH METH+ O

ETH, ETH.
.0B% CHOLIKE EQUI¥ALENT

Fig. ¥ Each treatment wev tepeatod thres times with 4 rats per group. Thee
melsa DooEttMoning were added i» plece of con mole of chollna. Eth. = amina-
stharol sdded at ohe mols 4 replace ona mole of tholine. Moth, = Di-methienine
sbisd w) thiee woles ta wack mole of amimoethonol, + By + folucin = by

u:rlhllilﬂ By shid B g Zolacia per kilogram of diet.

aame ‘Jevel of betaine or vL-methionine resulted in 1m9c, ansl
304 renal damage, respectively.

Typical dute obtained by the usec of this more purified diet
are illystrated in flgure 1. Wher vitamin B and folsein were

_ added to the diats that were supplomented with methiylamino-

athanol (6ne mole) and pL-methionine {two moeles) at a choline
eqmivalence of 0.12%5, the lipotropie activily of thia conbiux-
“tion wae equu] to lhat of- rholinr- In the alweure of vitamin

2668
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338 STHENGTH, SCITAEFER AND SALMOR

B,, and folacin, the lipotropic activity was not eqnal fo thet’

of choline. These resulta indicate that vitamin By and folacin
are invelved in the Diolegical synthesis of choline from mothyl-
amineelhanot and methionine,
The role of vitamin By, and faltln:iu in the mct.hylatiun'
of aminocthonel by the ral T

Rats frd tle more purified diet supplunented with cither

ne-methionine, ar betaine HCL, or pt-methionine {three moles}

THE ACTWITY OF BETAINE !'!Ci AkD AMINDETHAHGL- T

0B, 4B, .
0 FOLACIN . 4 FOLACIN Lot
Emﬂ- — 3 o0
w 80 = - 480 l
3 60 - - " deo z
B - - =
3 = = s g
40} = - 140~ .
3 - - o
& oo - = o dag 2
= 20 — — - 20 o E
2 ]:El — :
0 ETAINE BETAINE BETAINE +E7 °

JOB% CHOLINE EQUIVALENT
¥g & Each tysatment win repeated throt times with 4 rota per growp, Three
mules of batains HCL wero nddsd in placa of gue mole eholine. Eth, == aming-
athaoe! added at eng male {o replics one mole cholint. =+ By 4 folasin o M ag
crystalling vitamin g and 2 my folacin per kilogram of dket,

and aminsethanol {one mole} at a choline chloride equivalent

leval of 0.08¢, developed 100% renal damage. Supplemen-
tation of the puvificd diet with vitamin B,. and. folacin, and
either pL-methionine or betaine FICH, resulted in 30 and 100%
venal damage, respectively, The further addition of nmino-
ethano] te these diets gave completa profection against renal
damage snd supported maximum growth, Trpical data are

-

[
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illustraied in figures 2 and 3. These results indicate that vita-
min B,, or folacin, or both, rre ossential for the synthesis of
-eholica from amincethanel and methionine or betaine.
_nfsr:USHmN
1t appears that vitamin By, and folacin are invelved in the

" giilization of Isbile methyl and choline and methionne pre-

eurgors, for the synthesis of choline and methionine, Jukes

" ot al. (*50) reported that vitamia B,, was essential for the

methylation of homeeystine for growth in chicks fed n methin-

- pine-defidient diet. Schacfer, Salinon and Strength (730 re-

ported that vitamin B, was egzentinl for ihe syuthesis of
choline from mothylaminoethanol, and either methionine or
betaine for preveniion of perosis and production of maximum
body weight gain in chicks. The present sindy employivy rats
indieates that vitzmin B, and folacin may function in the

: ‘biological synthes’s of choline romh various precursors.

Rinpe the ohservation of the sparing action of vitumin B,

 on the choline requirement of rats and chicka (Schaefer et al.
. 49}, reports bir Stekol and Weiss ('50b), Welch and Sakami
" {"50), and du Vigncaud et al. ('30) have demonsiraied the
" mynthesis of biologicatly. labile mothyl groups in vive. The

deta herein reporied do uot refute this obsarvetion; however,
under the experimental conditions employed, the amount of

* biolegical syntheeis of labile methy! was insufficient to meet
" ‘the requiremcnts of weanling rats for prevention of renal
‘' damsaga, mainienance of normal liver fat and promotion of
' Prill and McCormick (’49) reporfed that a vitamin B,
" concentrate cxerted a lipotropic effect in rats mainfained on
- nNigh fat det. In the presont studies it war noted that neither
". vitamin By nor folasin, when added singly to the hasul diet

. suppleménted with s suboplimom amount of cholite, was
effective in preventing fatty livers: however, the addition of
hoth vitemin B, and folacin resalied in a marked lipotropic
Iicti‘lli'ity. “The lack of lipotropic activity of either vitainin B,

2668_
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;u- folavin when the other iz omitted from a ﬂiat deficient in

elioline indicaios that both vitaming may have a function in-

ile wynlhexis ar utilization, or both, of choline. Supplement-
jng the Lasal dict with vitamin Bis, folacin and 0.10% choline
chloride maintained liver fat at a level approximately equal
{o that ubtained when 0.16% cheline. chioride was fed without
vitemin B, and folacin. This reduction of the ¢holine require-
ment by vitamin B., and folecin may be due either to the
Diological synthesis of additiona] choline or to inereased utili-
ralion of the elwline. e

.o - B P
R 3':”,1__

Three moles of hetaine HCL or pu-methionine were cump.a-

rable to ene mole of eholine chleride for protection againat
renal damage and lipotropic activity when the basal diot wis
supplemented with vitamin By, and folacim, This canfirms the

view of Welch ('50) that choline per se is required for these -

funetions and that only one methyl group of betaine or the
metliyl of methionine may be of significance in choline syn.
thesia, . oo
In n comprehensive review of transmethylation veactione
Jukes {47} suggested that methylaminoethanol and dimethyl-
aminoethano! serve as methyl aceeptors and are incapable of
donating moelhyt groups. The results of our experiments
ghow that vitamin B,. and folacin greatly incrensed the activ-
ity of these compounde for lipotropism, prevention of renal
damage and promotion of growth. Neither methylamino-
- etliznol nor dimethylaminoethanol was egnal to choline on a
methyl basis; however, dimethylaminoethanol was more cffer-
tive than methylaminocthanol. The increased activity of these
choline precnrsors may be inferpreted as being due to the
.aynthesis of methyl and its utilization for choline synthesis.

The results witl methivlaminocthenel indicate insufficient bio- -

logical sypthesis of methyl groups and the jnability of this
componnd to donate methy! efficiently for the complete meth-
ylation of the aminocthanel moiety to choline. '
Myiethylcholine was reported ta be a lipotropic agent by
Channon and Smith (*36). Keston and Wortis {'446) reported

Y

n
*al

-
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that triethylcholine is toxic to mice and that the toxicily eau
be alisviated by clholine. Under the conditions of our experi-
ments, -triethyk:ho}ine_ cunnot be classifiod as a lipotropic
ayent capable of repiacing choline.

Stekol and Weiss ('30a) reportad that triethyleholine in-
hibitad the prowth of rats aund ihat this inbibition wag allevi-
. »atad by choline, Since MeArtiar, Lucas and Best {47)
-~ reported evidence of the replacement of choline by {riethyi-

choling g8 a component of the Hver lectthing, it appears that

mere ineorporaiion of choline-like compounds jato the liver

lecithine does not assure lipotropic activity.

The use of o more purified diet low i choline and puossible

*  choline precurgors, vitamin By, and folacin, more clear]y
- illustrated the rola of vitamin B, and folaein in the utilization
~ of gholine precursors. Mhe experiments hercin veported jndi-
Y+ cate that vitamin By, or folacin, or both, may function in the
? utilisation of methionine or betaine for the synthesis of cho.
3 "line from aminosthanol or methylamincethaigl
" Invitro studles naw in progress with surviving liver slipey
-indicate that vitamin B,, is invelved in the synthesiz of choline
7 frofk methylaminoethenol and methionine,

&
L
" v

o
Cy, SUMMARY

¥
¥ 1) The choline requirement of rals for the maintenance
.+ of morma} liver fat ia greatly reduced by suppicnenting the
o, diet witk vilamin B,, and folacin,

" . 2. For lpotropiam and proteetion against repnl damage
yi-18 rats, vitamin By, and folaein increpmed the efficiency of
" betaine,” ni-methionine, dimethylaminoetianol, and methyl.
= aminoethanol as replacements for dietary ¢holine,

% .3 The friethylhomologne of choline fod to weanling rats
*:.is not capable of replacing choline as a lipotropie agant,

- ... 4 Vitemin B, aud folacin appear to be essentin! for tha
- Maxioum utilization of methionine or betaine for 1he bio.
™ logial synthesis of choline from aminoethansl er metly!l-
. ‘"aminngtham]. - ' )

- . a

T L
1_-;‘ -
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P. SZAFRANBK], M. BAGDASARIAN and L. TOMASZEWSKI

VITAMIN B,, AND THE ACTIVATION OF AMINO ACIDE *

wiitute of Blochemisiry and Biophyaics, Polish Accdemy of Sciences, Warsew
Depariment of Physislopical Chemistry, Medival Acadsmy in Warraw
' Hewd: Professor Dr, 4. Heller

Wagle, Mehta and Johnaon [7, 8] have suggested some zole of vitamin
%, in the proteln biosynthesis, They have shown that the tncorporation
o lehelled amino acids into protein in vitra hes been lower in microscmes
deriving from livers and spleens of vitamin By deficient rats than in
those deriving from normal animals. The additicn of vitamin B, has
tisény the rate of amino gelds Incorporation in preparation deriving from
e vitamin deficient rats, It has been stated later-that the rate of amino
wids activation hes been lowered by as much as 40%s when &nh
, stttvitamin, namely the vitamin By, anillde, was added. The experiments
#rformed by these authors to study tht localization of vitamin B, in
e telle have revealed that it cccurs mminly in microsomes and in the
SUpernatant collected during centrifugation of {he microsomes. 1t has
won stated on frartionation of the supernatant trat 76%s of the vitamin
Eesent in it has been precipitated at pH 5 with the amico acid activating
“iymes. The pretiminary fractionation of “pH 5 enzymes” has proved,
“at nearly whole vitamin By, has been precipitated with the protein at
e ammonium sulphate saturation 0.4 to 0.6. This fraction represents
iRixtyre of the crude amino acid activating enzyrmes. Basing upon these
"sults Wagle, Mechta and Johnson [6] have suggested that vitamin By -
ml'f’“ some role in the amino acids activation, These reports have been
?ﬂmizﬂd recently [1, 4], but all the experiments, beth those supporting
bypothesizs and those contradicting it, have carried out on the
|ty slightly purifled enzymatic preparations. Therelore, we have decided
—

* Presented st {ne Il Internationsl Sympostum on Vitamins, Poznad,

t 21K 185,
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to Jzolate the tryptophan activating anzyme up to the etage of ji,
purlty and to follow the vitami: By, contents in varlous fratﬂ%
obtained durltig the process of the purlfication,

EXPERIMENTAL

The iryptophan activating enzyme was isolated from the ox Pengr,.
scetone powder. The method described in the following eppears tu:
more convenient than that referred to by Davie, Keningsberge, -
Lipmann [3], since it allows to obtain 8 powder retalning 1ts actl"lﬂ't},
storage and gives s high yield of active engyme,

Methods. The activity of the tryptophan activating enzym, Way
estimated by hydroxamic method [2]. Glycine hydroxamate Prepare.
according to Beflr and Willlams {8] was employed asz the slang,
wiutlon. Theaccuracy of the methad in our experiments remy,,
within the limits of + 5% The vitdmin B,z content was estimateq b
means of the Ford's microblological method using Ochrome,
mathemensiz [3]. This method has been chosen for its high senaihili;y
and almost absolute specificify towards cyanocobalamine,

The protein content was estimated by the biuret method [5].

Acetene powder. 500 g of frish pancreas, free from Iyt ang
eobjunctive tissue was minced in a miincer with holex of about 15 mm
fn diametez. The tissue minced in this manner could be Buhsequeniy
well dehydrated and yielded a powder of long stability. The Minge
pancreas was trepted with 31 of acetone cooled to --15° and gy ¢
extraction was carried out for 15 min at abaut 0° Then the suspons.. -
was gquickly filtered under vecuo and ihe extraction twice repeated wis :
21 of cold acelone each time. The powder:ivas washed with 500y ¢
of cold acctone on the Biichner funnel and dried quickly at rom
temperature with a stream of cold air. The powder stored In varuy
. dessicator over CaCl; at 4° retained its activity for several months,

Froctionatign. All the manipulations were performed at 0°, 50 g o
the acetome powder were extracted with 700 ml of 0.06M-KCl for
20 min and stirred occasionally during this extraction. The suspensiw
wus centrifuged for 15 min at 4000 g, the sediment discarded while i

extract was collected and the activity of the tryptophan activating enzym
was determlped in it, as well as the vitamin By; content (Fraction I
The results obtnined in this frection from different acetone powdts |
varied from 0.4 to 1.5 pmoles of the hydroxamate formed per 1 mg o
protein per hout, The vitamin B;; content in the same fraction rang . '
from 0.6 to 2.1 mug per 1 mg of protein.

=
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To further purification the extract was acidified with 2 »-acetic acid
i pH 455 and centrifuged at 4G00-g. Vitamin B,y was estimated in the
wpernatant. In arnounted for abeut 20° of the gquantity found in the
mirget from acetone powder. The remalning 80% was precipitated with
jhe amino acid activating enzymes at pH 4.55. This precipitate wasg then
dseolved in 209 ml of 0.2 M-Trls bhutfer, pH 7.8, end the insoluble residus

" dmarded after centrifugation. 'The supernatant, called Fraction II,

tortsined only 30%s o $0% of the vitamin By, that hed been extracted
tiom scetone powder, slace some part of the vitamin was discarded with

. bsoluble protelns. The total enzymatic activity of this fraction was

lwwer than that of Fraction I, the difference being 30% to 45% while
the mpecific activity was in certain cases more than twice that found
in Fraction 1.

Solid smmonium sulphate was added to the Fraction 1 to give 0.45
mtiraticn, the resulting precipitate wes removed by centrifugation at
VOO0 ¢ for 10 min and discarded. The supernatant was acidified with
! wzeetic mcid to pH 4.58, centrifuged at 30000 g, the precipitate
dssolved in 26 ml of Tris huffer, pH 7.8, and the insoluble residue
Hscarded (Fraction I3I). The loss of the total aetivity during the
Meparation of the Fraction III was 20% to 50, as compared with
Fraction 11, but the specific activity was 8 times higher. It was rather
U eonjiderable increase when campared te that observed during the
Mssage from the first fraction to the second,

Saturated ammonium swighate solution was theh added to the
Fraction III to" reach up 0.45 saturation. The resulting precipitate was
discarded after cenirifugation at 30 000 g for 10 min and solid ammoniurs
Mlphate was udded fo the supernatant up to 0.8 saturation. The
_Ubtuined procipitate wes eentrifuged in the similar manner and dizzolved
W10 ml of water (Fraction 1V). The loss of total activity at this step
¥as 450/ whereas the specifie sctivity intreased about 3 times and the
“itamin B,, content 2 times, as caleulated per 1 mg of protein.

_ Fraction IV was submitted to dialysis for 2 hours against 4 1 of
dllitilled water stirred continucuety. The precipitate being discarded, the
uid was aciditied with 0.1 n-acetic acid to pH 4.8 and centrifuged at
000 y for 5 min. Thus obtained precipitate contained the very sctive
MZyme put its specific sctivity was somewhst lower than that of the

“®xt fraction, The supernstant was scidified with 0.1 v-acetic acld to

H 455 and centrifuged at 30 000 g for 10 min. The resulting precipitate
™ suspended in 2 ml of water and some few drops of 0.1 n-NaCH
"ere added to give pH 6.5. The Inscluble residue wag removed by
Sntrifupation and discarded. The supernatant was the Fraction V. The

of activity was sumetimes congiderable at this step of the procedure

- - ]
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and reached up eéven as much ap 80% of the total activity found ip
Fraction 1V, but the specilic activity inereased strongly, and so dig the
vitamin By; content as ealculated per 1 mg of protein. Fraetjoy v
contained the highly purified enzyme which showed one main Iractjoy
and only some unsignificant contaminations on acetylucellulam
electrophores]s, The electrophoresis was carried out in 0.0 M~Vergyg
buffer. pH 8.5 for 3 hours, 0.6 mA being applied on § em of the strig,
We have succesded to crystallize the enzyme out of Fraction ¥ using
ammonium sulphate (Fig. 1). The enzyme has been alen crystellized 4,
itz iseelectric point reached up with acelle acid. It was, hnwg-m.‘
impossible to recrystallize it on account of too small amounts of 4,
enzyme. The specific activity of the crystalline enzyme was the pamg ag
that feemd in Fraction ¥V from which it had been crystaliized.

FINREPTSTE T U T TR SN R SRR )

’ Fig. 1. Crystals of {ryptophen activiting chzyme

LI ae

The results of two typleal {ractlenations have been gathered g
Table 1. The amount of vitamin By, as calculated per 1 mg of protelp
increased .aleng the puyrification of the enzyme, Thus it might look
likely that the vitamin was bound fo the tryptaphan activating enzyms.
When one considers, however, that the molecular weight of vitemin B,
s 1300, while that of the enzyme is 20000 to 30 000, according to
Liptuann €t al. [2] one can caleulate that there should be one molceals

- of the vitamin for every 4080 {o 000 meolecules of the enzyme. If the

enuimolar ratle vitamin-cnzyme were assumed, the molecular weight
of the enzyme would have to be abhout 13000 000. There is no doub!,
howewver, that some considerable conceniration of the vitamin is obtained
during the purification of the enzyme, '
Another suggestion arives that the enzyme has some specific ability
te adsork the vitamin eelectively. To study this hypothesiy the extract

- - 4
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Viamin Bu content iy diffetont fmclions duringpurification of the tryplophan selivating enzyme
bolicd from ox Pancress
. 'Iaefi,p.l_.res are the resutbis of iwg £Apcriments v and b, The Traciionation was <arried out pn 30 gof

Acelone pewwder,
’ _ Specilic
’ ’ B Total nekivi. activity I
T v
| Experi- |- Yol ly {umode mm;t:lﬂﬂ fmole of v;:,:;‘;“i‘
TN ot | protein gap) | of nedrons (g | .| (T
. ' malefhr) mate/mg of
. protein )
Y 19 360 14922 17823 077 [ o9
i — e [ .y - — p——
& -1 masm 17000 | 248 148 2.14
& [ ks 832 | 1pen0 0% | ta
“. S u—..—-—l_._.._..._ —_——— —
b } 374D 12 144 g 340 3.25 2.4
"‘—"—--— T —_——— - ‘———--—__ —
a " sam 4014 1764 7.50 3.47
mo | . ——— T
b I PYT 240 | na 1.57
17 a 27 2217 119 | 2000 50
v i -— i -
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o aceione powder containlng itself about 2p g of vitamin B, was

ted with the cqual amount of the vitamin, and the whole Iractionation
Procsdure was petrformed on the so enriched extract. The tontents of
enin B,; in individual fractions varied with the same range of values
8 they did in the corresponding fractions of the extract without the
‘min added. Thys the last experiment did not provide any evidenee
for the' selective adsorption of vitamin B, on the tryptophan activating
yme. Yet it did not exclude this possthility, sinee the enzyme might
be tompletely saturated . with the vitamin present in preparvation
“iginally. It was possible, oo, that vitamin B,, was boung to ather

ting gccompanying tho enzyime, giner electrophoresis showed that
fen the Preparations of the highest purity still contained some

“Mtamination of heterogencons proteins, Our rosults, when caleulated us

e tota) vitamin By content in the purifled enzyme, showed that the
Hhﬂ'l.ili occurred in amounts which couid be considersd 49 contamingtion

Only. , -

2706

2356



-r

These resulis are not the only ones contradlcting those of Johng,,
et al. [7, 8], since Arnstein and Simk!n [1} when werking like Johrson g
¢ats have not found any differenee netween the rate of the pratg,
gynthesis in the vitamin B,-deficient rats and the nerimel ope,
Microsomoes isolated from the livers of the vitemin Bqg-deficlent rats 5 d
trom those deriving from the norinal ones heve shown the same rate o
meorporation of - labeled amino acids. The addition of vitamin p
to the former preparations did not !nflucnce the rate of aming ﬂ'-‘id:
activation nor that of their incorperation into mMicTHYOIMES. :

It results apparently, frome our experiments, that vitamin By; is no
any companent of the trypiophan actlvating enzyme. Hence Johnson,
suggestion on the direct participation of the vitamin in the aming acigs
activation doer not appear to he justified.

The authors wish to express thelr very thanks o Prof. Dr. Wi Moz
towslki for his most valuable digcussion on the paper presented.

One of the authors (F. 5.) wishes to thank Dr. T. 5. Work for the
guidance In jsplation of the tryptophan getivating enzyme in the Nationa]
Institute for WMedical Research, Mill Hill, Lendon.

SUMMARY

The tryptophan activeting enzyme wasl igoiated from the ox pancres
acetone powder. The amount of vitamln Byy a5 caleulated per 1 mg. of
protein increased on pu iestion snd reached ita highest value in
crystalline enzynie. However, when molecular ‘weight of vitumin B,

was considered, as well a2 that of the enzyme, it resulted Irom the

calculations that ome molecule of the vitamin _r:urreapumied to 40005000
moleoules of the enzyme. Thus, it became apparent that vitamin By, did
not take any direct part in the tryptophan activatlon. '
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SERUM vitamin B2 levels in pregnapt women at
{erm have been shown to be Jower than non-
nt women in the child bearing age
Hrincich, 1954; Bogeret al., 1956 ; and Lawrence
and Klipstein, 1367). Furthermors, $erum
vitamin B12 levels fall progressively {hroughaut
(Okuda ef af, 1956; Luhby ef al.,
1961). It has been poted also that the serum
vitarain BI2 fewis in cord blood arc consider-
ubiy higher than these of the maternal blood at
wrm (Killamder apd Vahlquist, 1954; Baker
ot of, 1558, and Zachau-Christiansen ef al.,
1562).

Eaperiments with Tats have showm 1hat severs
vitamin B12 depletion in fomales is associated
with reproductive abnormality and debilitated
offapring. 1t has alse boen denonstrated that
vitumin BI2 significantly reduces the number of
atilthirths in experimenial animals. This aspect
has beon reviewed by Moshite and Chow {1958).
The present study examines serum vitamin B12
jeveds throughout pregnancy and relates the
{nitial visit level to the outcome of pregnancy.

PATIENTS

The serum vitamin BI2 level was estimated in
155 women at their initial visit, at 32 and 36
woeks and at term. The time of the initial visit
varied from 10 to 24 weaks with a mean of 17
weeks, The blood sample at term Wwas usually
{aken two or three days afler delivery. Approi-

mately 20 par cent of patients aticading the -

anjenatal dinic in the Rotunda Hospital are
primigravidae and the only concession 10
seleclion was to ensure that 2 similar propottion

Epe——

was incloded in the survey. By full term the
number of estimalions representing the original

155 patients had diminished to 133 because of

miscaT(iRgRs, prematuce deliverics and home
confinements, The ages of the patients ranged
from 18 to 43 years, with a mean of 28 years.
The mean patity of 114 multiparous patieals
inchided in the survey was 3-1. in 53 cases the
gerum vitamin B12 level was also estimated throee
months after delivery. Blood samples were taken
from a further 117 patients at random prior to
the 20th week.

The survey was uaderiaken in 199455, The
employment of the hushands of the yomen
queslioned wis 28 follows: tradesmen or similar
occupation 27 per oent; semi-skilled workers
15 per cent; uoskilied lupourers 43 per cent and
unemployed or casual workers 15 per cent. The
average weekly incorme of the family was
approximately £10 153, Od, ard the average
income per head £2 10s. 0d. The digt of paticats
visiting the Rotunda Hospital ont-patients
department has been reviewed by Browne and
Callaghan {1964} whe concluded that tie average
dict of pregnant women attengling the out-
patient department contained too much carbo-
hydrate aud insufficient protein, calciurm, iromn,
thamine and riboflavin.

METHODS

Serum vitamin B12 levels were estimated using
Lactobaciflus leichmannil vs the test arganism
(Teraperley and Collery, 1965). The method was
hused on that of Spray {(1%55). The range and

_mean of 11B normal subjects was 125 te 1.050
pg- ml. and 472 pe.fml. respectively.

n
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Tamz | .
Seram Wiamin B13 Levels at Variour Stages of Pregnancy
Stags of No. of Serum Vitamin B12 (pg.fml)
Pregoancy  ryes SE. of
(weeks) ) Range  Mean "ol
First visit 154 50930 Pl 11-0
n 152 40480 164 &1
k[ M 50475 152 Ta
40 132 20-510 16% - 73
Mon-preghant B A-10RF 4N -3
RESULTS

Falf of Serwm Vitamin B{2 Levels Throughon!
Pregaancy

The range, mean and standard error of the
mean scrum vitamin B12 levels at the initial
visit, et 32 and 36 weeks and at full term arc
shown in Table F. The mean setom leve] foll from
239 pg./fml. at the initial visit to 164 pg.fml, at
39 weeks. From this time onwards Ettle change
occurred in the mean Bgures. The results com-
pare with a range &nd mean in 36 non-pregnant
women in the child bearing age of 205 to 1,025
pe.fml and 434 pg. fml. respectively,

Of the original 155 patients the serum vitamin
B12 level was estimated threg months after
delivery in 53 instances. These results wers
compared with the jevels of the same 33 patients
at their initial visit to the antenatal clinic. The
mean serum vitamin B12 level three months after
delivery was 338 pg.fml. {(S.E. X 20+ Spcompared
with a mean bevel of 224 pg.(ml {S.E. * 17-6)at
the initial visit. The difltrence between these
results was statisiically sigmificant (p<0-01).

Pecause of (he suspected sharp fall in the

o il

yerum vitamin B2 levels relatively eardy in

-

pregnancy, the results at the initial visit were
grouped into |2 weeks or less, 13 to 16, 1710 20,
gnd 21 to 24 weeks. The numbers of patients
ipcluded in these groups were 17, 59, 56 and 22
respeciively and the mean Serum vilamin Bl2
levels were 316, 240, 123 and 211 pgfml
respectively.

The range of serum vitamin B12 levels in 33
patients with untreated pernicious anacmia was

0 to 110 pg.jinl. (Temperley and Collery, 1965).

Seepm vitamin B12 levels were found to be in

* this range in 11 patients at their first wisit (7-3

per cent), in 37 patients at 32 weeks (24-3 per

_cent), in 34 patients at 36 weeks (25-4 per cent),

and jn 41 patients at full term (30 9 per cent). OF
the 52 paticnts investigated thres months efter
delivery, two patients bad a level of Jess than
110 pg./ml, Both patients had a low level at the
first visit (RO and 62 pg.jml.). The birthweight of

* each infant was six pounds (2-72 kg). Ne

relationship was noted between the age or patity
of the mather and serem vitamin D12 levels.

Fetal Serum Vilamin BIZ Levels

Cord blood serum vitamin Bl2 levels were
compared with maternal kevels at various stages
of pregnancy in 53 instances {Table D). In generzl
mean cord levels were higher than maternal
levels at afl stages of pregnancy. However, in the
case of cord levels grouped under less than
200 pg.fml. the mesn cord result was less than
the maternal level at the [nitial visit. There was a
relationship between cord and maternal sorum
vitazain  Bl12 levels throughout pregnancy;
tow mean cord levels were associated with low
maternal levels and high cord levels with high
maternal levels.

Tanr I
Comparison of Card and Maternal Sevun: Vitamin B12 Levels in 53 fustances

Cord Servim Mexn Maternal Levels (pg.fmil.} Mean Cord
Vitamin Bi2 Level
(pg.fenl) Finst Visit 12 Weeks 36 Wecks Full Term (pg.fml)
<300 11t il s 123 L4
RS 207 - 164 193 i 252
300389 213 A b 14 2o 341
400 and 400 V% 214 m . 213 29
A1k pesnlis m 156 17% .3 s

274
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Tamep 1T

it Materaal Serem Vitniin Fi2 Level With Qutcome af Preguancy

Scrum Vitamin B12 Level {pe-fml.) Mean Serum
Clinieal Evenls — —_— Yitarmin B12
<150 150-199 200 and > 200 Tatal Lewvet (e fml)
— — N
Aboclion .. . 1 L H 3 4 AsSD
Derdbom, macerd 2 z 2 6 250
Weonatal deathy - 3 2 2 7 167
Promaturity e e B} ! 4 19 167
@ugmital abnormality .. 1 o 1 3 162
Taxaemia .. . . ‘e 4 1] 9 13 x93
Aepidonta) haemorrhage (toxaemic) 0 0 3 1 31l
Utlassified aceidental haemorthage .. 4 2 2 3 1 1%]
Twins . . .. ‘- . 4 0. . 6 121
Yptal pumber of patienta in eack
yitamin EL2 group .. .- 1 40 157 248 261
‘Tabte IV

Serum Vitamin BI12 Levels at the Initial Visit

The relationship of the serum vitamin Bi2
fevel at the initial visit with gbstetrical complica-

Serunt Vitamin B1Z Levels ot ihe Imitlal Visit af
Paients Dalivered of Premature Infarts

fions and Tetal loss s liated in Tabie 1[E. Results Serum Duration
were grouped into three; jeyels loss thap 150 Casc  Viwmin Factors Relating of
pg.fmk. AD inlermediate group between 150 and o BI2 to Prematurily Pregancy
199 pg.ml, and those preater. than 200 pg.fml. {pg-fml.) (wecks}
A total of 248 patients who attended before the 1 1z Accidenta] hasmorrhage
a0th week was assessed. These included 131 of funclassified) 37
. the original group of 155 mothers and a further 2 118 Arcidental hacracrchage
117 who had only a blood sample collected at - , o0 i’:‘miw}.
e ‘o . . qUE NCEALIYE
the initial visit. har:miyﬂgdim 1
st Cp g
Theic wasa disproportionally Jarge number of 6 200 None 24
ature infants {birthweight 3 pounds 8 4 &7 None 36
ounces {2°5 kg.) or Jess) bora 1o mothers whose " 140 Mild toxaemia 17
scrum vitamin B12 level was less than 150 pg. fmi. 5 1" None ¥
_(Tabie 1v). It was unlikely that this distribution 198 None 15
‘ocourred by chance G = 24:1, p<0-01), Some M5 Rhesus negative
detsils of the premators infants are thown i with antibodics,
Tehle 1¥. Macerated fetuses and induced deadborn 32
deliveries were not included. The mean gestation 12 L87 None n
period of the 19 preninture infants as judged by 13- 275 Intestingl malrolation 37
.the first day of the last menstrual period was 36 14 300 None 37
- weeks. . - 15 3 None 40
- 16 95 Twin, toxarriia 35
- Neonatal Death . 1 W Twind 30
= Of the seven nconatal deaths six wers assofia- © 18 141 Twins - B
“ied with prematurity and epe with congenital b o Twing o

s =

- abnormality. The distriution of maternal serum

7 AR
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vitemain B2 levels and the mean serum vitamin

BiZ level of 167 pe.fml. was therefore simifar to

that pf the premature group (Tabke I1I).

Deadborn

This grovp included three fresh and three
macarsted stillbirths; two were associated with
rhesus incompatibility, one with prolapsed cord,
one with accidental hasmorrhags. The mean
serum vithmin B12 level of this group was
200 pg.fml,

Abortion

Four initial estimations were available from
patients who had abortions. The results individu-
ally were 425, 443, 431 and 100 pg./ml. This
group is not representative as the mean time of
the injtial visit was 17 weeks; many abortions
would have occurred before this stage of

Pregnancy.

Congenite] Abnormiality

There was one case of idiopathic hydrops
Fetalis (thesus negative, no sntibodies), one of
malrotation of the intestines and one of anence-
phalas incloded in this group. Tae initial visit
serum vitamin R12 level of the mother who was
detivered of the anencepholic infant was 135
pg.mi. The possible lmportance of this led to
the estimation of the Jovels of further samples of
serotn From bl mothers at or before the 16th
week who were delivered of angncaphalic infants.
The range and mean of the 12 resu¥ts were £33 to
457 pg./ml. and 283 pg.iml. tespectively.

Toxaemia and Antepartum Haemorrhage

The mean initial serum vitamin Bi2 of
toxacmic mothers was 293 pg./ml. which com-
pares with the mean of 267 pg./ml. for the total
268 initia] visits. Accidental haemorriiage with
toxaemia was also associnied with levels at or
apove the tota! mean. However, the mean level
for unclassificd accidental haemorrhage was
164 pgfml. There was a disproportionate
number of nnclassified accidental haemorrhages
in mothers with an inttial level of less than {50
pa./mi. {Table 171). Ilowever, the possthility that
the distribntion occurred by chance cannotl be
outruled {y* = 5-97, p = 0-05). Two patients
with placenta pracvia had levels of 218 and 213

pe.fmi.

Twing

The mean serum vitamin B12 leve! of six
mothers who were delivered of twins was 121
pg.fml. O the twelve infants, seven were
premature by weight and two of the premature
infants were stilbirths, There was one case of
accidental hasmerrhage and one mother had
toxaemia. There was a <isproportionate aumber
of results Jess than 130 pg.jml. (Table IV). It was
unlikely that this distribution occurred by
chance (3 = 8-38, p<0-02>4-01).

Discussion

The present study of 155 women confirms the
fall of serutn vitanin B12 levels with progression
of pregnancy. If the mean serum vitamin Bi2
Jevel prior to conception was similar to that of a
group of ron-pregnant women in the child-
besring age then the major part of the full has
accured by approximately 17 weeks (Tabie D).
This is substantiated by the chservation that the
mean levei three months afler delivery was 338
pg./ml. in 53 women compared with 224 pg./ml.
at the first visit, There is a less rapid Gall from: the
17th week 1o the 32pd week when the mean level
tamaing constant urtil term.

Reference has been made to higher vitamin
B12 jevels in cord compared with maternal blood
al term. Chow, Barrow and Ling (1951) have
shown that when tadioactive vitamin B12 was
administered orally to pregnant rats 50 per cent
of absorbed vitamin B2 was concentrated in the
fetus. It has also been demonstrated that when
crystaltine vitamin BI2 is given to human
mothers six hours before parturition fetal serum
vitamin B12 Jevels are higher than marernal
levels at delivery (Mesbitt aud Chow, 1938).
These observations have lod to the assumplion
that the fali in maternal serum vitamin BI2
levels is duc to feta! utilization. The findings of
the present communication suggest that there is
greater utilization of vitamin B12 by the fetus or
the placenta in the early months of pregnancy,
and that by 32 weeks demands by the fetus had
lessened to the extent that while the average
mother was incapable of replznishing her stores
a balopce between intake and utilization had
been reached.

Utilization by the fetus as a cause of low
maternal scrum vitamin B12 is further substanti-

2VLD
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aied by the present observation of particularly
low lewels in mothers who were nltimately
delivered of iwins. While the weight of evidence

nts to Lhe above coticlusion, Lawrence and
K lepstein (1967) have reccitly:supgestsd that the
serum of pregnant women may contain an
inhibitor to Lthe growth of test organisms used in
the assay of vitamin Bl2. '

The mean maternal serum vitamin B12 lewvets
at or near delivery was 56 per cent of the mean
cord level in 53 paired results. This relationship
i3 mimilar to many reporied figures hsted by
Zachau-Christiansen and his po-workers (1962).
B was neted that the nursing stalf tended to
ignore collection of cord blood following an
dbatetrical emergency or premature delivery.
These amissions brought an element of selecrivity
into this aspect of the study. It wag, therefore,
not possible 10 compare cord levels with abnor-
_ malities assogiated with pregmancy. Low cord

lavels were associated with Jow cord levels at all

gtages of pregnancy (T able M), It seems likely,
therefore, that avitaminosis Bil may occur in
the fetus of a mother depleted of vitamin B12.
There is Hitle reported evidence that low
materpal serum vitamin BIZ Jevels associated
~with pregnancy itsedl have an effeet on the human
fetus. Megaloblastic znacnia of infancy seenn-
dury to maternal pernicious anactia has been
obgervid (Lampkin ef al., 1966) and Baker and
his co-workets (1962} heve reposted intermediate
mepaloblastic marrow change responsive  to
vitamin B2 in an iofant :of a mother with
pvitaminosis B12. There can be no doubt from
reported evidence that in animais aj! degrees of
reproduciive falluse can be observed from dietary
restriclions of vitamin B12,
Howevet, the nutritional stress to which these
_snimals are subjected musl seldom be obtained
in women. Low birthweight {Jones er al, 1955)
. and an increased incidence: in the number of

stiflbirths and neonatal deaths (Sure, 1951;
~ Lepkorvsky ef al., 1951) have been demonstrated

in the young of rats fed a vitramin B12 dehicient

diet. :

As developmental abnormalities are likely to
originate in the first months of pregnancy, and
because of the pressat obsepvation that the £all
of maternal serum vitamin, B12 levels sremed
. particularly rapid in this period, levels prior to
the 20th week were related to the ontcome of

L m—

pregnancy. Tn a randomly selected group of 248
preguant women 13 were delivered ol premature
infants 25 judged by weight. Of these 12 had
serum levels of less than §50 pg./ml at their
initial visit. The duration of pregnancy was, in
all cases but one, Jess than teqn. (Table [V) Low
jevels were, therefore, primarily assoviated with
premainrity of delivery rather than retardation
af prowih. It is of interest that the birthweight of
the infant born to a mother with pernicious
anacmia repocted by Lampkin and his co-
authors {1966) was 5 pounds § ounces (2°3 kg
Zuelzer and Ruotzky (1953) have reported
mepafoblastic anaemia responsive to vitamin B12
in a premature infant.

Paucity of numbers prevented 2n assessment
of the relationship of séruse vitamin Bi2 levels
with many abnormalities of childbirth. Wo
comment s therefore made on ebortions and
siiflbirths. It was possible to estimate serum
vitamin B12 levels at or before the 16th week of
mothers who were delivered of anencephalic
infanis; eleven sera were obtained from a source
onptside the presont survey. The mean result was
283 pg.jmb. which is slightly higher than the
oversll mean of the randomly selected group.
Mowever, it might be expected that levels at or
before 16 weeks would be somewhat hizher than
those prior to 20 weeks.

Results from toxaemic mothers were distribu-

ted in approximately equal proportions between.

the relatively high and low serum vitamin B2
levels, Thers was & difference in distribution
between the results in patients who had an
undlassifisd zccidental haemorrhage compared
with those who bled in association with toxaemia;
the former had predominently low serim
vitamin B12 leveis whereas the latter had higher
hevels.

‘The pattern of fall of maternal serum levels
suggests that the felal requirement for vitamin
BI2 is less in the viable fetus than at earlier
stages of {ctal tife. The negative maternal balance,
as judpad by serum levels, coincides with the
mast rapid phase of organ development. The
associetion of low maternal vitamin B12 levels at
the initinl visit with premature delivery suggests
that vitamin B12 may be sn essential requirement
for the proper development of the placenta. It is
dear, however, that only tentative speculations
can be made fram the present evidence.

245
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SUMMARY

Mean scrum  vitagnin Bl2 levels nm 155
pregoant women fell: from the initial visit to
approximately the 32nd weck, From this time
onward to term no further fafl in the mean Jevel
was observed, In 53 instances the mean sorum
vitamin 912 level 1hree months after debvery was
338 pg./ml. compared with a level at the initial
visit of 224 pg./ml. The mean level was 454 -pp.!
ml in 36 non-pregrant women in the child-
bearing age. By infegence these results suggest
that the major fall in mhaternal levels occurs in the

first four or five montha of pregnARCy.

Cord serum vitamin B12 levels were ia general
higher than the maternal levels throughout
pregnancy. Low cord levels were associated with
low maternal levels.

Materna! serum vitamin B12 levels obtainad
prior to the 20th week were compared in 248
cases with the outeome of pregnancy. There was
an fssociation between low levels and premature
delivery. The mean sorum vitamin B12 level was
particularly low in twin deliveries.

ACKNGWLEDGEMENTS

We wish to thank Dr. Alan Browne, recently
Master of the Rotunda Hospital, Dublin, for
makiag facilities avaijable to cnable this work to
be pursucd. Our thanks are also due to the
Nursing Staff and the stall of the Records
Departmeat. Seca from maothets with anence-
phalic infrnts was kipdly previded by Professor
W. E. Jessop, Depastment of Social Medicine,
Trinity College, Dublin,

One of us (M.J.M.) was in receipt of a full-

————

time grant from the Medical Research Councit
of Ereland when this work was in progress.

REVERENCES

Baker, H., Zitfzr, H., Paur, E., and Sobotka, H. (1954);
Brir. med, 1., 1, 974,

Raker, 8. 1, Jacab, B, Rajan, K. T., and Swarminathan,
8. P. ({962 Brir. med, J., 1, 1638,

Boger, W. P, Wright, L. D, Beck, G, 0., aod Bayoe,
Ci, M. {L956): Proc, $oc. Exgt. Biol. (W, 7)), 92, 104,

Brawne, A. 1., and Callaghan, T, {1964): J. Trish reed,
Ass., 58 17TA. .

Chow, B. F., Barrow, L., und Ling, G. T. {1831): Arek.
Biockens., 3, 15, .

Heinrich, H. C. (1954): Xlin. Wechr,, 32, 205,

Jongs, C. C., Brawn, 5. 0., Richardson, L. R, and
Siru::l;ir. 1. G. (1955): Froc. soc. Exp. fiel. (V. 7),
2, L35.

Killander, A., and Yahlquist, B. (1%54): Nord. Aed., 51,
T )

Lampkirt. B, C., Shere, M. A, and Chadwick, D. (1966):
New Eng. J. Med., 374, 1168,

Lawrenes, ., and Klipstein, F. A, {(1967): Ann. imfern,
Mad., 65, 25,

Lepkoveky, S, H., Boyson, H. 1., Routhilet, B., Perehary,
R., Singman, I, Dimick, M. K., end Robbins, K.
(19510 dmer, J. Plyuial,, 165, 79,

Luhkby, &. L., Coopermuan, Wi, Stope, M. L., and
Slobody, L. T (1951): dmer. J. Dis. ChifA., 101, 733,

Neskitl, R. E. L., and Chow, B. F. {1958): Qbsted. Gynee.
Surv., 13, 461,

Okuda, K., Heilegers, 4. E., and Chow, B, F. {1834):
Amer, J. clin. Nuir., 4, 440,

Spray, G. H, (1955 Clie. Sei, 14, 6&1.

Sure, B, {1051): J. Amer. diet. Ass., 27, 564,

Temperley, L 1., and Collery, D. {1965): Irish J. med.
Sei, 475, 117,

Zachau-Christiansen, B, Holf-Jargensen, E., and
Pstergard Kristenscn, H, I (1962); Dan, med. Bl
9, 157,

Zuelzer, W. W., and Rutzky, T {1953} Advanc. Pedini.,
&, M3,

2745

2343



- 277

| Wﬁzﬁ@f

7

N mpsuk, g 1Y R R R L . - o
"E 1?'-.';.-‘1-'L M acd ':-LI'IJI' -'1.5 e oA ]

_'__Bffm:inrnﬁm uttht Peripheral apd Central Nervous System in Vitamin-B,,-Deficient Monkeys
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?1!_'-' Fellowi .mi‘.’_thog T of Croviano and SMITH? oD Results. The results are given o the Talde,
! i,ﬂd,lmd sérom-wtanin-B,g Tovels i nepiological degen- A high incidence of bistological lesions was found in
Yution in captive “ynotkeys, : further qualitative sDA animals of groups I and IL and 5 apimals showed overt
- Wunisticative investigations have been varried cut. with  paralysis fsec Tahle}. It should be woted thet this does
b, plrtiealar referenes to the periphaml nerve lesions apd  not reprecent the true incidence of puralysis in deficient
1 e efiect of treatmeng. A .+ animals, which ié omch lowez: paralysed animals were
% Matainly and wiathods. 43 monkeys in the colony of acleciodl because of the paralysis and in prder to tty god -
- the Anatotity Depaztment, Upivetsity of Birningham, ~assess the otfect of treatment, In the spinal cord the
§wete stbdied. “T'haye wese 40 rhomis monkeys (Macues changes resembled Lhose of huban subacate combinad
midatia), 2 patas monkeys {Evytheocebs patas), and 1 dogeneration, and wore moTe BEVRre in the paralysed

lffmn'{P#iu_iﬂbﬁ}: 2 were ingks and 41 were females monkeys; cerebral lesiong were found m 9 andmals

-, ¥ which 10 were prognant, Foé pnimals wore geouped  Frozen srctions of the sciatic and poptiteal nerves showed

;ibaording o - uralion of captivity pnet diet: group ! sudanophilic degeneration in 21 gnimals [the median and

+ bomprived 12 inaqlieys kept i caphivity from 11 menths  uloar merves were normal in ali 43 cascs). Segmental

i, F0. 10 peark on 4 ‘grandard vegitarian dict; group II  demyelination, usually with remyelination, was seen in

© pomprlsed, B4 mariieye captive from: 11 rionths to wimost  teased peripheral norve fibres in overy aniinal that showed

18 poars, origipaily ted jrapetarian diew Dut surhsagquentty sudanophilic degeneration {ses Figure); in a few anirls

-, giv=n a ssries of [ingectichy of. Jitannin By, follawad by & thure was also axonal (wallerian] degenaration.

. morval diat fof i:ndnds' that vaded from & ‘months to In group [ minimal legicns were fpund in 4 animals.
A yEarE; _p,nd contrel group 111 comprisd 17 recently  Two of these wers pregoantd and had low At -y T ER TR
g Live metkeye glvan vilamin B,y vince grrival in the DBy levels [pregnancy depressod the seum vitamin By,

- By, 14 animal having been tn caprivity {or lesa than i TONkEYS: Orewannd and a third animal had a low-

. 1 runth, and the other i apimala fof 6, ¥ and 1% moaths  wormal lewel: though the previvus dictary Listery of
T wckivaty:  The amounts of witemin By in the sevum  these 3 amignals was uilknown, their norvods systend

. weie Elimatec pn 38 chases by ihe bigassay technique conld have been affected before they arrived in capuvity.

© vk Engdnd, proeilis; OkNARDY lonnd the wean total The gunrth animal had been captive for 13 mouths {more

“ e | o be 271 pgiml in vecantly captive monkeys 1o than twice a8 Jotg ad any pther animal in group 111) and

. spl 10 aminnili had delicient Jevals of tho yitamin i .
ik gerum (mean tutal levd 79 ugimly; in group I1 12
a7, mah had hﬂmm levels {mean total = U0 pgfmly

1

©and in geovp the serum levels were notmal, exvept ! L E Crnanp and W, T. Swita, Nuture 270, 507 [19465).
lur 2 pregnant monkeys that, hed law readings. + ©. K, Qxrcan, Nalure 209, |BEE (1904,
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The nerve mots aud the posterior root ganglia were not sxamined In 2 casss in group T, nefther wag the brain-stem in ope of these Caey,

fa) A dissagied nerer fibee shuwing an incompletely remvilioated
abert segment {arrow) Osminm stained, » 100, (bl A dissoctsd

- -meden fibre showing 8 widetvd node of Renvier and part of & demye-
- Hnamied {miercds In which the Schmidt-Eankerpanh indsures arc

cheadly wen. Osmium stnined, x 720, (¢} |'wo desccted nerve fires.
One of chear shows pect of 4 nommal internods and 2 thin vemyoli-

v oaded segmenits of eedwoed Internodal leagth, Fhayooytic cells udhape.

o

" to the sarlage of the fiboes. Dsiwiom stalned. ® 350, - :

by an uversight its verum lovel was not examined; pre-

. AECEIR}
R
A

& .

vioos studieal showed that redoced bevels Gocur rapidly

and meural Yesions could rasnlt i this period ¥f, a5 can -
. happen, the animel bad aot boen teceiving its proper |
et : . S

Nevvs fidbre counts, Gmufrl {vitamin B -deficient-

ariimtll::;frwp 1% [lony stey mon-parsiysed treated ani-

an

mals), and geonp 11 E (recently captive aninmls), showed

o o md . ey ° !

N R

[ ..'rj;.'.

. ascertain whether the occasional nerve fibre that showed

- disease, - . .,

“strongly suggest that lack of vitamin B, ia the anjoalks’.

+" threugh -the "Unlwridad de Ohicota, Vonetacke for generss |

T

)l

Bl (YRR rﬂ'...-:.-'.--

el
PO et

similar average mean fibre density countsfram?® of inkrg,.
perineurial arep o myelin-stained trataverse section o
sciatic and poplites) perves; this was taken &3 evidengs
that axcoal degeneration wis not the main lesion, The
only everage valuea that clearly differed aither indivigg,
ally o on the whole frem the average values of the othey
groeps, were thoae of the 4 paralyeed freated animaty iy
group [1, which were reduced: Student's’{test shoeed .
that subgmoupa A [1¢ ooo-paralysed animaly) and B °
{4 paralysed animals) of group I[, were significendy
different (P = 0.05), . T
Diszussion. Histologice] evidence of reparative change;
cleazly atiributable bc vitamin-E,, therapy, bas oot besy
found in either the cemtral or the peripharal pervouy:
system. Theugh we have previonsly found remyelinating ©
in trezted animals®, we have now heen able to show that .
remyelinatirn and eccasional axonal Tegeneration gan .
occur in defleicnt s well as treated monkeys. Some
functional improvement was noted in the latrer, which
may result from ereest ol the degenerative process sod
recovery of suppreseed nerve function, ., ¢
The findinga of OxHanp and Swmire ! in a small number -
of cazes that suggestod & greater involvement of the distd
parts of the nerves of the lower Limbs, passibly due tou . |
‘dying back’ of tha periphers] parts of the gxons, has st -

- been gonfirmed, The distribution patters of the lesions ..

found in the present etudy, fs consistent with rendom.

involvemont of Schwann uelis rather than relective
damage to the distal axons, If was not possible to -

I R

axonat {walletinn) degeneration had been affected prima- - |
rily or had degenerated 84 5 consequence of Sehwann-cell B

. Il ... B KT L
Nuone of our -monkeys showed lesions in the gasteo i
intcstingl Aract such as mwoosal’ atrophy or parastz |
infestatiom to account for the deficiency of vitamio By
The possibility. that other notritional dofects wera a0
resent cannot be entircly disregarded though the simi- -
arity to boman sgbacyle’ combined degoneration amd |
the funcilonal *improvement noled  after  treatmont, '

P

diets was the malg cavsal factort, 7 i
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The Role of the I’ancreas in Vltamm Bl-z

Absorption: Studles of Vltamln B f'&bserptlon

in Partially Pancreatectomlrcd Rat,s

Pawwr P, Toskes and Jowmws J, DEreN

From the Gastrointastinal $ection of the Department of Ma'dm

Urnlversity of Pepnsyloania, School of M&diﬂmﬂ
Philadelphia, Pennsyloania 19104

Assteact The effect of partial pancreatectomy
{30)-205%) on vitamin Ba absorption was studied in the
rat. The absorption of § ng of "Co-labated vitamin Bu
was pignificantly reduced fromm 20 22,59 (mean 2sz)
in contro] and sham-opergted mmts to 32 £Z26% o par-
tially pantreatectomized rats. Hog pancreatic exiract
(017 g/kg} improved vitamin Bo shserption from 30.0
to 61.0% I partially pancreatectomized rats bt did not
abter vitamin B absorpticn in control rats. Chiprom-
phnicol did not enfance vitamin Bu abaorption in par-
tlalty panerenteciomized rats with pancreatic extract-
improved vitamin Bue malabsorption. The partially pan-
createctomized rats with pancreatic extract—improved
vitamin B malabsorption were sacrificed and the stom-
ach and smint! bewel studied In vitro to further define the
- prthopenesis of the vitamin Bu malabsorption. Rat
gagteic intriusic factor atinufated vitnmin Be optake by
Intesting] sacs prepared fram partally pancreatectomized
vads A.1-fodd, Castric intrinsic facter prepared from par-
tially panicreatectemized rats was as cffective in pro-
meting vitnmin Bue uptake by rat intéstinal sacs as in-
tinsle factor prepared from control rats. These data
indicate that pattinlly pancrentectomized mts develop an
abnorpality in the absorption of Libeled vitaruin B
which can be corected by pancreatic cxtract, The vitanin
Hn malabsorption is dus to ngither an Alteration in
gastric intrinsic fretor activity nor an impairment of the
intrinste factor-viiamin Bw receptor in the intestine.
Tt iy suppegted that in the partielly pancreatectomixed

Presented in part at a meeting of the Americen Federabion
tor Cilnical Research, Atfantic City, W. I, May 1970).

Br. Toskes' present address ia Walter Reed Tostitute
of Army Research, Washington, D, €.

Rereioed for puniication 30 March 1971 ami' m recbaed
faren 3 Angurt 1971, *
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The Iaunm! of Clinical Incestigation Yolume 51 1072

rats the intriosic factor-vitamin Ba complex exists in
a farm which ls not avatlable for ebsovption.

INTRODUCTION

Although several patients with pancreatic exocrine in-
sufficieney have been noted to poorly absurb vitantin B
the importance of normal pancreatic function for opti-
mal vitamin Bu absorption is geaerally not appreciated
1--8). Furthermore, the nathopenesis of the observed
vitamin Hxe absorptive defoet has not been cfurified.

The relstionship between the pancreas and the intesti-
nal abserption of vitamin Bu was stadied b measuring
the absorplich of this vitunin in cats subjectel to par-
tial pancreatectomy, The results demonstraic (o} that the
partially pancreatectomized rat hiag o defect in vitamin
B absorptinn, (B} that the administration of hog pan-
creatic extract restores vitamin Bu absorption to normal,

{¢} that infrinsic factor. extracted from thr gastric
mueosn of partially panceeatectotrtized rats stinulabes
vitamin B absorption in vitro, and (d) that gastric
intrinsic fackor stimulates vitamin Bu uptake in gut sacs

- prepared from partially pancreatectoriized rats, Thess

flaty indicate that partially pancreatectomized rata de-
velop & defect in vitarnin Bie abzorption which is due to
teither an alterstion 0 gastrie iptrinsic factor aciviky
nor to an Impairment of the intringic factor—vitanin Bu
receptor in the intestine,

METHODS

Arninaty, WMale albing rats purclased i groups of 13,
were  delivered to gur animzl facilities  waighting  he-
tween 75 and 1K) g oand were allowed ad tib stand-

! Charles River Presding Laboratories, Bropkline, Mass

.
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ard lab chow® and water, When ther peached a weight of
approximalcly 130-150 g orats were stierted at mandom for
papereatic surEeTY while oihers served as sham-opcrated
or noperaled conbrods :

Surpory.  Partial pancreatecionides  were perforined  as
deseribed by Seow (63 In bricl, rats were {asted for 18-20
ht sad ancsthetized: By Iniraperitoneal pentobarbilal (40
mefhg). The abdomien was entered wiz a mid-line incision
and the pancreas cxpased. Fhe rat pancreas consists of
three major segments; ihe gastrosplenic  segroent  COM-
priscs % of the tatal pancreatic mass, the dusdennl seg-
memt neetied in the medial aspect of the duadenal loop con-
sributles about 259, and tie snmi] biliary segment srtound-
ing the bile duct constitotes approximately 5% of the total
pancreatic mass. The entite gastrosplenic and @ variable
portion of the duodenal segment were stripped by rolling
small cotton swabs acrass. the parenchyma but the biliary
sepiment was Allowed to tewain ntacl; thus S0-9096 of the
pancrease way extirmated. Sham operations were perinrmed
I & gimilat maneer except that the panhcreas was e =
Jated rather than excised, A mininon period of 2 wk efapzed
beFire whsorption studies were performed, Operated rats

behind the growth rate of control animals for 57
dayn but by the beginning of the second pastaperative week
the abgofule weight and rate of growth were compatable
in bath groups.

Fitomin Bu obsorplion riudier, 1 ml of Bu-FCo" con-
taining 5 np of vitamin By (13-15 pli/ag) was gdministered
via 3 gastric tube to rars having aceess i@ omly water for
12 by The rats were pluced in restraining cages® that al-
lowed Eor complete separation of urine and feces. 2 hr after
gastric intubation Lhe rats were allowed free access to foad
and water. Stoals were collected for 4-5 days at the end of

which time less than 195 of the orally administered dose ap- |

prared in the stool per day.

Bfect of pancreatic esiroed ou witeinis By absorpiion,
Hof pancreatic exiract” (017 g/%g) was adninistersed via
_ gastric tube swmrdiately afrer the labeled vitamin T

Ffect of chiorampieeicol on pitemie My absarptio,
Chimramplenice! * was added o the drinking watet for 3
days before and doving the 5 days requiced 1o conuglete the
vilimin P absorphivn studics. Each rat {ngested {rom 50
to 13 mg of chhorampheticol per day,

Fitmmin Bu wpitake by coerted rab gut gees, Rats were
sacrificed by decapitation and the small bowel from the liga-
ment of Treitz 1o the ilescecal valve way perfused W sity
with 0.9% HNaCl at room temperatore. The mesenlery was
retnoved and the gut was divided into four quarters begin-
ning at the lgament of Treitz. All bot the third guarter
way discarded. Tlis segment was cverted on a metal probe
and gut sacs werc prepared 2= previously described (7).
The sacs weee hlled with Krebs-Finger hicarbonate {B)
and incubated separately in Frleomuever flasks containing 2
ml Krebs-Ringer bicarbopate with 100 mg/100 ml p-glocose
. wnd 1 ngfml Nw™Co. Rat intrinsic factor {IF} was pre-
pared by acraping the mucosa of the glandular nortion of
the stemach and homogenizing in saline. 0.1 ml of lwanoge-
pate (containing 5 mg wet wuight of gastric mucosa) -was

*Wayne Lab Blox, Alfied Mills, Tae, Chicage, .

N" ]Squibh Institete jor Medical Mescarch, New Bromewick,

% Aerospace ludustries, Garnerviba, N, Y.

" Viokase, Violin Corp, Monticelln, TIL

* Parke, Davis & Co, Detroit, AMich.

—=- Vitamin Ba Absorption in Partially Pancrecleciomiled Rata
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Fwure 1 Vitardin Bo abaorption in control, sham-operated,
and partially panceeatectomnized rats, meats “-sE

added to alternate Basks. Incubation was carried out in @
oseiilating water bath for 1 hr at 37°C. The sacs were e
moved, drained, rinsed briefly in ice-cold saline, weighcd,
and counted, Results were expressed op nanograms of vila-
nuin B mecmmulated by the sac per gram web weight per
hour.

Fecal Jal onaiyses. Partinlly pancreatectomized rats and

cantral rats were placed in metabolic cages fov 3-6 days.
Chiantitative measurement of the food intake and stool out-
put were made, Stool and food were amalyzet for fatty acld
rontent by the methed of ¥an de Komer, Ten Doklel
Huinink, and Weyers ¢t al. (9] and the results expressed
a3 the coefliciont of absorprion.
- Frangit tiwre, A dosc of 1 nil of a solution cortaining so-
divnt chromate-2 waos administered wia a gastric tube b
fasted rots. ‘The rats were then placed in restraining cages
and stool collected at 4-hr intervals. Results were expressed
2¢ the cumclative per cent excretion of the administered
dose.

Counting procodure, Stoals were brought to dry weight
by incubating overnight at 95°C and counted with a well-
type scintillation erystal with a gamma ray spectrometer ard
sealar? under controlled peometric conditions st window

" settings appropriate far "Co or “Cr,

Statistical anafyses were performed wsing the Student’s #
teat.

' Picker Nuclear, Whitl_: Plaine, M. Y.
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Frousk 2 Results of meptated vitamin By focal excretion tests in control and |

pariiafly pancreatectonifzed rate.

RESULTS

Fitanin Bu absorption in control, tham-eperated, and
partially paucreaiectomized rais As shown in Fig, 1,
I control rats absorbed 710 22000 {mean sEM) and

» By-FCo Aorplion Algsy
& B Wln Atmoplien With Pancrearc Extroct 4

-

g

% of Adeniniend Cass Absecbed
5

20 -

Parliafly Paacresdec kmlosd Sham=Oyperated
Rt B Cosrol Mo’ .
2e) L

Frovze 3 Effect of hog pancoeatic exbact {017 g/kp) on
vitamin FBy: absorplicn in partizlly pancreatectoniized, sham-
operzted, and controd rats,

' 918 P, P. Toskes and J. J. Deren

15 sham-operabed rats absarbed 572 #2990 of the ad-
ministered vitamin Bu (F > 0.05}. By contrast, 27
partizlly pancreatectomized rats absorbed 32.6 X255
{F <001 compared to both control and shont-operated
rats). All control rats and all but one of the I35 sham-
operated ratg nbgorbed greater than 508 of the admin.
istered doze, whereas 24 of the 27 of the pactially pan-
crestectomized sats absorbed less than 5095,

Results of repeated fecal cxcrction lesiz o assess the
reproducibdity of eitamin Bu absorption. Vitamin Ba
absorption was assessed over a 5 month peried during
which timie body welght ivcrensed From 100 o 400 g,
Az ghown i Fig. 2, all four centrel rats ahksorcbed
greater than 509%, of the administered dose while vitomin
Ba absorptinn was consistently lese than 504 in the par-

tially pancreatectomized ratz. The ability to abscrh vitn. .

min Bu in 2 given rat was quite reproducible during the
atudy pericd. No valtue departed by moce than (6% from
the mean value cbtained from averzging all studies per-
formed in a given rat over a 5 month peried,

Effect of pancreatic exiract on vitgmin Bo absorption,
Hog pancreatic extract (317 g/ body weight} was
administered concurrently with labeled vitamin Bie to
2% partiaily pancreatectomized rats. Ahsorption increased
from 332 269 to 7R 2245 of the adinimstered
dose (P« 001 {Fig. 3. Pancreatic extrack increased
ritemin Ba ahsorption in 21 of the 26 parially pan-
createctantized rats fram a mean of 3.0 2249 to 610
232 (P« 0,01). Vitamin Bu absorption was re-
studied in I3 partially pancreatectomized rats with

" vitamin B miadahsorption (29 33077 that previously

respoteded to panerentic extract (62,3 =379 A value

~simitar to that observed in the ifal stady period was

obtained ({324 =2.7] data nat shown). In e rat pan-

2349



o Byp-~-¥Cp Absorpton Prior Te Chlniamphenicsol
o Bp-?Cs Abcorplion Afer Chlaramphanlcol

W0ar
S0 "“---""---..._.‘I
f ao} . -
TOpF
g &0- j
=Ind "‘-\-q.._,___.
3 o s
T 20f
L]
# w0
Shom - oporated Parlially Fortlally
B comirgd rets  Pongrecleciomizad  Pomergoteclomizad
b4t Rots in which Fals & whith
pancractic pancrealie
uiract ertroct did ant
mproved vilomin Imywivn wilomin
By Absorplion By Abaorption
& ot

Fuwuag 4 Efecl of chlomamphenicdl (575 mg/day} om
vitamin B, wbsofption in sham-opcrated, eontrol, and par-
tially pamcreatectomized rate.

creabic extract failed to slter vitamin Bue absorption.
The jeur partially pancreatectomiized rais that demon-
strated the least impairment ol vitamin Bua absorption
after surgery showed a further deerense (19%) in vita-
min Be shsorption when panareatic extract was ad-
ministered, Frucrentic extract administered te eight
control and sham-operated rats decreased vitamin Bu
abaorption by 14%.

Efect af ciloramplienicol on vilawis Ba alorplion,
The effect of chlvramphenicol on vitamin Buw absorption
was stodied in \hree groups of rate: e} 14 control and
sham-operated rats, (b} 9 parbiaily pancreatectomized
rats in which pancreatic extract had improved vitamin
Ba absorption 104¢%, and (¢} 4 partially pancrea-

TanLE [

Fecat Fo! Excrelion in Control, Shom-Crperaled, and
Pertially Pancreniectowized Rolt

N, of Coffcient of
= absorptlon®
Control and sham-aperated rats . 20 2.8 L0.79f
Fﬂﬂ'.‘iﬂ.“}" pancreatectomized rats 12

* (Futty acid iatake—latty acid outpul in steol}/

(Tatty ecid intake) ¥ 100,
t Values glvc-.n. are mean 58 and were not ﬂgmﬁmmiy
difzcent, P > 005 T

Vitamin Bu Alworption in Paxdiclly Panereatectomized Rets

B5.9 +1.62F -

tectorized rats in whicl pancreatic extract failed ta im-
orove witamin Ha absorption (TFig. 4). In control and
shan-operated rats ehlorumphenicol failed to significrntly

{2 005) improve vitamin Hu absorption (66,1 3.3

to 7LE 224), Simitarly, chloramphenicol did not sig-
nificuntly (P> 04833 alter vitamin Be abserption o
partially pancreatecloudzed rats with pancrestic ex-
tract improved vitamin Bu absorprion (300 =439 to
3.6 £2.8e.}. The four partially pancreatectomized rats
that failed to respotel to pancreatic extract showed a
8%, enhancement of vilamin Ba absorption from a
mean of 50 to 688 of the administered daose.

Feeal fat cxerclior 4n comiral oud poritally panreres-
fectomized refe. A3 shown on Table T, when Fed o diet
containing 5.3¢% fat, there was no signibicant difference
in the coefficient of abzorption between contral and
pancreatectomized rats.

Stowach fo anas trongil time in contrel and parifeliy
pancreelectomized rels.  As shown in Fip. 5, the rate
at which the labelad chrotnate appenred th the stoal was
comparahle in partially pancreatectomized and eontrol
rats. ]

Abifiey of dstestine! socs from comtrol aud parifolly
pancreatcetounsed rats to respomd to gariric imlrinsic
factsr in witre. Four partielly pancreateciomized rats
with impaired vitamin Bws absorption {mean of 295 of
the administeved dose) whose vitamin Bu ahsorplion was
itnproved with pancreatic extract {to a mwean of 65%)
were sacrificed. Everted sacs were prepared from the
mid-gut and meubated either with labeled vitamin Bua
or vitamin B and rat gastric intrinsic factor (prepared
fram unoperated rals). As shown in Table I, gastric
fatrinsic factor stimulnted vitamin Be uptnke a mean of
Alfolt as compared to 28.fold stimulation with sacs
prepared on the same day from control rats of a similar
glze,

- Cantrmle (191

[{=LiF o

& 5 3
L I N |

Curmpttiw Por Cant Eucrgted
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I 1 ! —_ L 1 i
K KM K- W2 226 28X

Fiwm Awr §eairic Admicisralion of Lohelsd Chromets {Hours)
Frouwe 5 - The siomach to amus trzosit time of laheled

“ehromate in 10 watrol and 12 partially pancreatectomized

rats {PPR}, nwsam 58,
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Tance II o
Effecl of Ral Gairic freirinsic Fader Oblained from Canfrof Rofs
" om Fitomin Byy Upteke by fwtestinel Sacy Prepared
Jrom Porticlly Pancreolectmmiged Kobs

Welikt
o e~ Viepsidd Bypuptaks - R .
of mc- IRapeciintgd By uptaks
vifice Bis Hit 419  Non-IF-medinted Hiz uptake
¢ we/§ et elghd pur br

Partially pancreatectomized rata

1 335 M4 fER[HD i ._
2 345 0.27 (a) 067 (5 24 -

a 1411 0.28 {3) O8I (&) 3.0

4+ 408 434 15 (B it

Cantrol rata '

1 35 026 (44 LG (1) 3z

2 445 a2y AR 2.6

3 345 042 (8) 0.33 (B) 2.0

The number in parent hesea denotes the number of sacs studied.

Comparizen of pasiric inlrinsic faclor prepared from
unoperated raly with inlringe facior prepured | from
partially pencreaicciowiized rais. When rot intringic
factor obtaived from gastric hewogenabes from partially
pancreatectomiecd ratz was added to intestinal sacs pre-
pared from centrol rats, the stimelation of vitamin Bm
uptake was comparable to the enhancement of uptake
ohtained witl intringic factor prepared from coutrol rats
{ Table I11}.

DISCUSSION

The present schema for vitzmin Bu absorption envisages
the ingestion of vitamin Bo (actmally coenzyme Ba
bownd to protein [10-13]), relmpe from ita protein
bond a4 a result of proteqlytic digestion in an acid me-
dium, hinding to intrinsic faceor in the stoimach or upper
portion of the small bowel (14-1G), passage down the
snall bowel, attachment of the I¥.Bu complex to a
apecific teceptor focated in the brish border of the ileal
epithelial well (17-21), and evenmwal release of the vi-
tamin ot the portal circulation umsccompanied by IF
{22, 23). in adddition a factor shborated by the pancress
tmy be an obligatoty requirement for optimal vitatin

. Bu absorption. Such a feature has been suggested by the

observation that among patients with wnexplined vita:
mir Bs malabsorption {menasured by the wrivary excre-
ton test [247) were severml with panergatic insuffieienes
{1, 2). The pathogenesis of the observed vitamin Bn
ahsorptive defect has not been chrifisl, although the
improvement in vitamin Be obsorption after secdivm

7 hicavkonzte adminiitration sugpested that an fncredsed

220 P. P. Toshes aud [ I, Deren

hydrogen ion concentration in the ileal lumen accounted
for the matabsorption (3). However, the improvement in
vitamin Bu shsorpbon after the administration of pan-
creatie extract for several days (3) or as 2 single dose

Boncomitant with the labeled Ba (3) cannot be expliined
*on the basgiz of altered hmminal pi. Furthermore, the

pH of the ilea! contents of suhjects with pancreatic in-
sufficietsy and vitumin Bn malbsorption was gimilar
tv that of patienis with pancreatic insufficiensy and
normal vitamin e ahsorption and to that of nonnal
voluptezrs {5). Calcinm ious have alse been demon-

. strated to be pecessary for IF-medinted vitamin Bwe
uptake in vitro (25, 26). Tt has been sumgeste:] that io

severe fat malbsorption large amounts of caleivm
soaps may formy to lower the intraluminal concentration
of jonic calcimm to levels too low to allow for the vita-
min BuIF complex to attach to the ileal vecoptors (27—
297, However, the total caleium concentration in the
ileal aspicates was similar in subjects with pancreatic
insufficiency with norpnal or abnormal vitunin Bu ab-
sarptior or in normal volunteers {3).

The data in this study indicate that rats subjected to
80-507%, pancreatectomy ahsorbed signicantly less orally
administered lnbeled vitantin Bo compared to control and
sham-operated animals. The partizlly pancrentectonsized
rate appeared healthy, had 2 growth rote comparable
to control rats (data not shown), and in accord with
the results of previous authors showed no evidence of fat
malbserption {307, Since the rate at which & non-
absorbable marker (sodiwm chromate) appeared in the
stool after Intragastric instillation was similar in par-
tially pancreatectomized rats aned control rats, differ-
ences in the ratc of movement down the small bowel
wonld zppear to be an unlikely explanation for the vita-

TarLE LII
Compariton of Gostric Feirénsic Forctor Obfained from Cosfeol
and Particlly Poncrenlectomizad Rats gn Vilawrin K1,
{Tpinks by Rat Fatestingl Sacs Prepared
fromm Comtral Rols

Mo of
. F L]
Jorubation condRicns wtudied By uptnke®
ng'r wet deight
oAy .
Bi; alone 24 4.33 =0.n24
13,3 + intrinzic Factor prepared from
control rats i3 083} 0,047
By + intriwsie faclor prepared from
partially pancreatectomized rats 12 0.83F £0.655

* Values given arc mean valaes s,

1 Valuos nre signilicantly different frem that observed with -

vitamin Dy alone.
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min Bu malbserplion. It is possible, however, that the
meastrement of stomach 1o Rouy translt time may not
adempately reflect the transit time in a localized arca
of Hre gastrointestinal tract {31). .

To determine whetlier the observed defect in vitanin
Fa absorption was related to a specific deficlency of a
nanereatic factor or ta baclerial overgrowth consequent
o small bowe! manipolation, the effeet of pancreatic
extract and z broad spectevm antibiotis {chlorunpheni-
col) an vitamin Br absorption were compared. When
panerealic extruce was administered to 26 partially pan-
createctomized Tats, vitamin B absorption was noted te
jmcrease in 23 (frmn a mean of 30 to 61¢% of the admin-
jmered dose) and remained unchanged or decreased in
five yats, Nine randomly selected rats with pancreatic
extraci—improved vitamin B absorption were placod on
chiorzmphenical.  Vitamin  Bu  abgorption  increased
slightly (although not significantly at the 5% level).
Conlrel and sham-operated rats also exhibited a slight
although statisticrlly insignificant increase in vitztmin
Bu zbsorption when chloraunphenicol was added to their
drinking water, lmprovement in vitamin B ghsorptinn
in mats after chloraniphenicol administration has been ob-
served by others (32). When chloramphenicol was ad-
ministered ta four parlially pancreatectomized rats that
failed to showw improvement in vitamin D absorption
with pancreatic extract, the absorption of this vitamin
improved 38%; (from a mean of 30 to 68853, The
latler value is in the range for vitamin Fhe absorption
phaerved in unoperated rats. It is of interest that the
partially pancreatectomized rats that responded ta pan-
creatic extract had o more severe Impaitment of vitamin

" Ba absorption (30957 as compared to partially pancrea-

tectomized rats that failed to improve with pancreatic
extract (3055). Thus, rats subjected to a B0-90% pan-
ereatectamy consistently absutbed vitamin P poorly and
eoudd be scgregated into two distinet groups hased on
their responses to pancreatic extract and chlorampheni-
ool, One gronp consisted of = small sunher of rats that
had a modest impairment of vitamin Bu absorption.
Vitamin Bu absorption in this group fatled 1o improve
with pancreatic extract but wag restored (o values oh-
gerved in vontrol rats after chloramphenical administra-
tion. Presumalbly, the mechanism of vitamin B mafab.
sorptien in this gronp was relited to bactcrial over-
growth secondary to surgery. Most rats subjected to a
partial pancrentectomy fell into 2 second category thar-
acterized by a more severe defcct in vitamin Ha ab-
sorption that improved with pancreatic extyact but was
not aftered by the administration of a broad spectrum
antibiotic. Tn these rats vitamin Du malabsorption was
apparently secondary to a deficiency of = factor elabo-
rated by the pancreas. -

L S

There are a number of prossible mechanisms by which
a pancreatic factor awy influence vitamin oo absorp-
tion. Studies of gretric intrinsic factor and intestinal
skes from partially pancreatectamized rats with pancre-
atic extract-tmproved vitumin B malabsorption altowed

~ for further defuilion of the pathogenesis of ihe vitamin

Bu absorptive defect. First, a pancreatic factor may be
tequired to inlerreact with either the vitamin Ba Lind-
ing sile of inlrinsic facter or the site on the intrinsic
factor mwoleculs that attaches to the receptur in the hrusl
border of the ileal epithclial cell. Evidence aguinst the
pancreatic factar acting directly upon intrinsic factor
was oblainied from the ohservation that witamin Bu up-
take in intestinal sacs prepaved froin control mmts was
stimulated by rat gastric intrinsic fector obtuined from
partially pancreatectomized rats. Second, n pancreptic
factor may be required to modify the intestinal receptor
in arder far it to combine with the intinsic factor—Bu
comples or the recoptor may be synihesized by the pan-
creas and secondarily attached to the brush border (330,
This also sccms unlikely since vitamin B uptake by
intestinal sacs from pattiafly pancreatectomized rats
with vitantin B madhsarption was 1eadily stimutated hy
intrinsic factor prepared from gastiic homupuenates of
control rats. Third, there is evidnce that vitamin Bae
may form complexes in the gastrointesiinal tract {34
37), which may not be readily alworbed. The makul-
sorption observed in partially pancreatectomized rats

. may be explained by the failure to maintain the intrinsic

factor —Fu complex in a form that is available for ab-
sorption £37). Alternatively, an inhibiter te intrinsic
factor—mediated vitamin Bw absorption (38} nway be
present whose activity is mubitained at a minimal level

Iy a normal supply of a cotnponent of te panereatic sc-

cretion. Tn the partially pancreatectomized rats, the ae-
tivity of this inhibitor may snifiee to imypair vilamin
Bua absorptios, Finatly, the surgical procedure may have
altered the enterchepatic circulativn of vitamin B (39)
teading to an expansion of the vitamin Bu pool in the
upper gastrointestinal tract of partinlly pancreateciomized
tats. The orally administered labeled cyvanocabalamin
wonld therefore be dilutad i a larger pool of novradio-
active vitamin B in partially pancreatectontized rats
as compared to controls and would lead to the ohserved
differcnces in the absorption of labcled vitmin The,
These results indicate that partial patcreateetomy in
the ral induces a defect in the absorption of laheled
vitamin Ba which was corrected by the admivistration
ol exopenous pancreatic extract. This animal medel
should prove usclul in determining the pathophysiclogy

-of the vitamin Bu matabsorption (as measured by the

urinary exeretion test) assoriated with pancreatic cxo-
erine insufficiency in the haman,

_ Vitamin B Abxorption in Fortially Pancrealcetomized Rats 21
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SPECIFIC LOCALIZATION OF LABELED
HORMONES AND VITAMINS; WHOLE-BODY
,&UTURADIDGRAPHIC OBSERVATIONS

EYEN TFLLEERG
Department of Phermacology, Royal Veterinary Collegs, Stockkolms, Sroed e

Tn the study of the distribution in the body of a physiological substance
weh 35 a homnone or .4 yitumin, the most intepesting question generally is:
iloes the substance concentrate spacifically where it acts o7 is the distribution
pattern maialy determinod by vther factors such as salubility?

Specific uptake in the cites of action is best studied by uging substances
with & well-localized physiologic response. FsLrogens are especially suitable, as
histological javestigations concerning cell proliferation rae have indicated
targets at the tissue and ceftular level, The distribution pattern ol estrogens
can be compared with that of substances o which they are related in varicus
wspacts; Ratural estrogens can he compated with each other, with non-estro-
genic steroids, and with nom-sleraitl estrogenic compounds,

Autoradiographic distribution investigations wetc cartted out an C't-eatrong
and Hhcstradjol (Uliberg and Bengtsson, 1963); CY- and Hidiethylstilbestrol
{Beuptsson and Ullperg, 1963; Benglsson ef of., 1963); Ciabeled vitamin A
:Ullberp, Appelgeen, and Harunarstrin, uwnpublished); Co*-labeled vitamin
R (Ullhery, Kristoficrsson, and- Hanngeen, unpublished); and Cltlubeled
vitlamin B {Appdigren, Hammarstrdm, and Uliberg, unpubhished}.

Whele-body sutoradiogeaphy bas Leen the Lasic method applicd. Con:ple-
ricntaty observations have becn made in some cases by detailed atitoradiog-
tapliy and by ehromatographic sepazation of labeled metabolites.

Une of the main advantages of the whole-body autoradivgraphic method is
that it favors the disclosun: of unexpected findings as compared with most
other methods which pre-select organs for examination.

63
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METHODS —

EUBSTANCES .
Estrogens: . Estrone-16-C+ (Radiochemical Center [RCC|, Amersham, Eng-
land}, specific activity 12 mc per mmole.

-

2. Estra-3:17 {(#) dicl-H? (RCC), specific activity 100 mc pe j

- mmole.

3, Disthylstilbastrol (monoethyl-1-C4) (RCC), specific activity
§2.6 mc per mmale, _ ’

4. Diethylstilbestrol-F* (RCC}, specific activity 295 me per
mmole. - '

5, The macromolecular cormnpound, potydiethylstilbestrol phes
phate-C'* {P5P), was prepared from monoethyl-1-CH diethyl-
stilbestrol fRCC), specific activity 10 ue per mg,

Vitamin A Vitamin A-6,7-CY-alcohel from vitamin A acid (Hefftman h

Roche), specific activity V.66 pc per mg.

Vitemin Bi: Cyanocobalamine labeled with Co** (Duphar Laboratory, Hol-
land), specific activity 170 me per mg.
Vitamin E  pi-2-Tocopherol-acetate-8-methyl-CY, specific activity 4.3 uc per

mg' - - E

ABMIRISTRATION, DOSE, AND TIME INTERVALS

The labeled estrogens (sxcept PSP) were dissolved in peanut ofl and 0.2 mg
substance per mouse injected subcutansously. ST was disselved in water and
0.4 mg was injected intravenously. The vitamins A and E were disaolved in
peanut oif and 0.2 mg was given orally or subcutaneously. The vitamin By
was dissolved in snling and 0,056 ug was injected intravenously. The time in-
tervals hetween administration and sacrifice of the animals for whole-body
sutorsdicgraphy were generally 5 minutes, 20 minutes, § hour, 4 hours, ¥
hours, and 4 days; for vitamin Bie also 16 days and 32 d;ys, for vitamins A
and E, only 24 hours.

WHGLE—I!DD‘.I' ATTORADIOCEAFHIC TECHNIGUE
A number of animals were given a single dose each of a labeled preparation
and at various intervals killed by immersion in hexanc at the temperature of
solid COs. They were then mounted in carboxy-methylcellilose ice and 3

number of sagittal scctions {generally 20 4 thick) were taken at various jevdl: .

at --10° . The sections were frozen-dried and autoradiographic exposure wat
-made by apposition against photagraphic film (X-ray film for the CH-lzheled
compounds, and THord G3 nucicar erulsion for the Hiabeled compounds).

A common exposure time was 3 weeks, For a detailed descriplion of ihe
technique see Ullberg (1954, 1933, 1961).

28:§6
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* “Fresh-frozen tissue specimens or frazen-dried and paraffin-embedded speci-
mens were used, and 5 ur thick sections wete dry-mounted on nuclear plates
{RHord G5) {emulsion thickness 3 ) or on Kodsk AR 10 stripping film pre-

. Viously streiched on chrome-alum treated glass slides. The adhesion between
" emulsion and section can be improved by vaiious apgents (Hammarsiegm,

-Appelgren, and Ullberg, in press). For details see ﬁ:}_r_];é {1956). N
RESULTS AND DISCUSSION - ...~ "L T
.EE-TEGGHNS o DIV - T ntieas s

< <After injection with labeled estrogens, the radioactivity was concentrated
n & number of tissues (endometrium, vaginal mucosa, and granulosy layer
of ovarian fallicles) where its lacalization seemed to be related to the physio-
lugical Tole of the estropens, In male animals 2 concentration was observed
i the inlerstitial tissue of the testis, All animals demonstrated a slight con-
tentration in the pituilary and s very pronounced accumulatian in Lhe zdrenal
tariex (Plete 1). LU

The subcutencously administered radioactive substance téached & barely
detectable concentration in the biood stream, but Lhe “larget organs™ showed

: higher Activity than the surrounding tissues #s-early as 5 minutes after in-

jetion (Plate 2). The sites of accumulation then showed an increased level aver
other tissues during the whole course of absarption and excretion, but no appre-
slble specific retention of the accumulated activity was apparenf, =+~ -

. ar - L
P TR S L . =
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The areas of spacific uptake sgemed to be qualitatively the same for the
4 _ two natural hormones studied {estrone and estradiol) and alsa fur the synthetje
one, diethylatilbestral, with the penetration inte and distribution within the
fetus being the one exception. The distribution Pictures suggested an active
transfer of the natural estrogens and/or their metabolites intg the fetus hye
& partial placental block for CH-diethylstilbastrol,

Tt should be noted that a strong accumulation was apparent in the endo-
metrium while no appreciable accumulation could be observed in the muscls
T . layer of the uterus {Plate 3). In the oviduct, however, the level of radicactivity

of the muscle layer wns higher than that of the mucoss (Bengtsson gnd LI}
berg, unpublished), ' :

Microzuteradiograms from hon-pregnant mice indicated (hat the activity
of H'cstradinl was located mainly owver the cell nuclei of the endomerripm,
This suggesta that the cell proliferation and carcinegenic effect of Estrogens

Small intestingl Jumen Fﬂqs Vagina

i
!
!
f
;

literine wall _ Fetal livar

N PLATE 3 A detaliof whole-body cutoradiogram Jrom o pregxans neonse 4 hoirs aficr tubewianewmt
injeelivn of Cldietyistitbestral. Nois High aclivity in wiering vl safing! seucaty, aad secraifon.
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Endometrial tubulor giand

MATE 5 Defailad auivrodisgram from vizrus of mouse 4 howrs afier mbovizneons infaction af
Hbegradiod. Nois high wpiche {black} in endometrial ceils. .
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FLATE ¢ Some anieealy a5 i Flate 3. Note bigh whioke of B%eivediol in pramwisss layer of
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may he caused by a direct action on the cell nuclel. In studies on the ovary,
de Wit (1953) and Payne and Runser {1058) ohserved that the administration
of estrogens caused proliferation of the granulosa cells of the avarian follicles,
which indicated the granuloss as & target tissue (Plate 4), However, the theca
layer whick, according to histochemicil investigations (Pempsey 2nd Basset,
1943} is likely to be a main synthesis site of estrogens, showed no uptake of
the injected labeled hormone,

The uptake of natural estrogens in the adrenal cortex could indicate that
the adrenal cortex is a general steroid trop. Howcever, whole-body autoradig-
graphic investigations with C*-cortisone {Hanngren, Hansson, Sjtstrand, and
Uilberg, 1964) showed 2 total absence of accumulation of radinactivity From
this steroid in the adrenal cortex, This also shows that exogenaus cortisone is
not taken up in tissue where it is formed. The obsesved aceumulation of estro-
gent s remavkable as it is generally believed (Grant, 1%62) that estrogens are
synthesized in the adrenal cortex, thus implying that they are specially taken
up at a site where they are produced.

The demonstrated specific uptake in the adrenal cortex of injected estro-
Eens also implies specific adrenal uptake of estrogens formed endogenously,
for inslance, in the gonads. Thus, 2 demonstration by chemimal or biological
assay of the presence of estrogens in the adrenal gland is obvicusly ne evidence
for estrogen formation within the organ. According to Grant (1962} the forma-
tion of estrogens from any precursor by normal adrenal tissue iz wifro has not
becn demonstrated. The ahility of the normal adrenal gland to produce estra-
gany thus seems doubiful,

After intravenous administration of a macromolecular long-zcting stilbestrol
compound (C-polydicthylstilbestrol phosphate} the palymer was apparently
taken up by the reticufoendothelial cells of iiver, spleen, bone marrow, and
lung. The uptake in these tissues showed a dotted, or scatiered pattern. Ap-

pareatly the monomer was slowly released from the reticulbendothelial depot -

mnd transferced to the rarget orgens (such as endometrium and adrenal cortex),
The activity in the target argans stood out more clearly against the surround-
ing Mssues than was the case for the diethylstilbestrol autoradiograms which
may be due to the slow release from the depots. :

VITAMIN A
The radioactivity from labeled vitamin A was concentrated in the retina
of the eye. Plate 3 shows an autoradiogram from the head, neck, and shoulder
region of 2 mouse which 24 hours previously had been injected subcutaneousiy
with vitamin A-C". Microautoradiography of the eye shawed the radioactivity
In the layer of rods and cones. This discavery is in agreement with the findings
of Wald {1960) that vitamin A as the aldehyde is cambined with the protein,

opsin, to form the light sensitive materiat in the outer segment of the receplor

layer.
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Autoradiograms from full term prc{;nant females show that the retinas of
the fetuses do not take up the vitamin although the fetal liver shows a slight
accumulation, and incarporation of vitamin A into the retina seems to begin

afper birth,
If we look at the abdominal region of a vitamin A-injected mouse, uptake

is seen in the lung, liver, and part of the gastric mucosa {Plate 6). The other
white are1s seen in the picture represent activity excreted into the intestinal
fontents. :

Tn the stomach, marked uptake is observed in the esophageal portion of the
gAstric mucosa which, in reice, consists of squamous gpithelium, The glandular
part does not show any neticezble uptake, Most other tissues have very low
wctivity,

VITAMIN By .

Vitamin By has been found to have a unique disteibution pattern. In preg-
pant mice 3 greet pattion of wn intravenously injected dose is rapidly taken
up into the placenta (Plate 7). After a Iatency of mbout an hour the activity
is then slowly transferred from the placenta to the fetus (Plate 8), After 24
hours the activity in the fetuses is so much higher than that of the mother
that only the fetuses appear on an autoradiograrn of & pregnant meouse if the
picture is not tremendousiy over-exposed with respect to tiie fetuses.

Quantitative determinations show that the relative feral uptaske & dose
dependent. With the smallest dose, 2 fetus to mother ratio of 130 (per gram
tizsue) was seen.

Strong accutaulation was also observed mn & fast-growing sarcoma trans-
planted to the neck region of 2 mouse (Plate u}). This dramatic uptake was
not observesl in other more stowly growing twrnors. The tendency 1o accumulata
in fetuses and tuniors indicates some relation of vitamin By to cell growth.

The distribution of Ce*®vitamin Bys within each fetus is very similar to that
foond in edult animals, Strong accumulation s found in all endocrine organs
except the adrenal medutla. Other tissues with high uptake are the renal cortex
and & restricted ares of the brain stem. '

The concentration of vitamin Hy in bone marrow is rather low, which is
remarkable considering the rapid cell proliferation in this site and the specific
rote of vitamin By in the formation of red blood ceils ohserved in many species.
One possible explanation for this might be that vitamin Bz i not acting on
the bene marrow directly but via its influence on folic acid, _

The distribution in an adult animal is very similar both 1 hour and 1 monlh
aftet injection, with the excepiion of rwost parts of the brain. The By maolecule
has been shown ta be very stable in the body, the main part of the radioactive
substence representing Lhe intact molecule 2 weeks afier injection (Neujahr

and Ullberg, unpublished).

28:30
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FIATE 3 Asdorodiogram of pregront wonse IS minntex after infravenonr injection of Ce-tabeled
tliumin Bue. Nole nory kigh splake im placenta. No radivactivity iz yal appeaviug in fetures.

Stumulj _

_ atusas Placanta

ATk 8§ Awieradivgrin of Co"-lobdad vitamin Fu in praguoni monse § Aosry ofter infravenons
ixjecifon. Nole nery Righ cancemtralion in placania and Hoot il concentrating i fhe fefof Bisrnes has
gasred thal #f Wy madernal, The radivsoball comieniration is kigh in the feial baod bt insignif-
sand in moisrmsi blood.
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PLATE 9 Auloradiogrom shawixg sigh wplake of Co%labaled vilemin By 4 doyr afier triravesoys
Sujaction i & mawse carvying o fast-growing sarcowma iransplanted sabcufarsousdy ftlo the wack
regiom. . '

-

VITAMIN E :
In smali rodents the lack of vitamin E does not generally prevent fertiliza-
tion but frequently causes death and absorption of the fetuses, According to
the autoradiograms (Plate 16), the penetration of C'*labeled vitamin E (and
its possible labeled metabolites) to the fetus is.almost totally prevented, Tt
therefore seerps as if the effect on reproduction cannot be the result of a direct
action on the fetuses, A distinct accumulation is, however, seen in the follicular
‘walls and the corpora tutea of the ovary, C'*Labeled vitamin E also accumy-
lates very markedly in bone marrow and in the red puip of the spleen,

The natural estrogens were concentrated in areas where a physiological
response has been shown. Their distribution pattern was very similar to that

of C'-diethylatilbestrol. The only argan in the body which was abla to dis-

tinguish the synthetic from the natursl estrogens ssems to be the placenta.

Presumably the action of steroid as well as non-stersid estrogenic compounds
in the target tissues is connected with a sperific uptake on Teceptor sites.

The tendency of Lhe radivactivity to localize was evident as early as 5 min-
utes after injection, and the areas of localization appeared to be unchanged
"8t later times. It is notable atso that after subcutancous application, accumu-
lation appeared in target organs without any sigaificant hlood concentrations
being disternible. No specific retention was apparent in target organs, but
with time the relative concentration in exeretory organs increased. Farlier
date (Twombly, $951; Valcourt & &f., 1953; Ringler, 1957; Sandberg ¢f of,
1939) obtained with impulse esunting methods have indicated a concenlration
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Lscalization of Injected Iermones and Vitamins T .

of estrogens only in excretory OFgaps. Autoradiography gives more detailed
information; however, it wauld also appear that zarlier investigators waited
too lang afler injection to sce the peak concentrations in the {AFEEL OTEATS.
_ The experiments with 1he fat soluble substances showed that fat solubility
jtseli didk not influence Lhe distribution pattern to any great extent. It s true
that botl estrogens and vitamins A and E showed a shight tendency to mccu-
mulate in body fat, but each compound, also showed its own characteristic
distribution gattern. ' S S

"With respect to one of the best known of all vitamin functions, that of
v_itﬁr':iin_ﬁ in the eye, the labeled compound was taken up predominantly in
the exprcted site of action. Labaied_ptépa:aﬁuﬁs will certisinly be of great
belp in further studies of the role of vitemin A In the retina, Additional ex-
perimeits are needed to show whether the surprisingly strong localization in
she lung indicates & specific functlon in this organ. . . .. - - -
- The accumulation of vitamin B in fetuses and fumors indicates a relation
to cell division or protein synthesis. 3t seenis, however, that the specific uptake
+n endocrine organs must have another explanation, . .'.‘ T

' Certain results obtained with the vitamins are somewhat confusing. Al-
-though vitamin A localized, as expected, in the relina, vitamin Bn failed to

Iocalize specifically in bone marrow. However, vifamin £ did accumulate in
thic marrow. It seems worthwhile to look into these problems further, especially

with regard to the possible physiclogical and pharmacological role of vitamios

at ynexpecied loci where they have been shown to gecumulate.

) Gite of injaction Lund. Spleen Kidney Dvury“'
7 p———— i s YT TR T

b e e e T T feoe Lt L A

A blood Liver Fatuses
PLATE 10 Whsle-body drclppadivpram af stettre 34 owrs after subpuldneons infection of CM-Labeied
vilamin . N aclistly can be 2een in feinees. High wiiake is teen s tiver; follicalar walls of ave-
J'r.hummrw.uﬂnd)ﬂpaf:ﬁus. _ _ 3o S

. Bppe marrow Heart
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SUMMARY o
The distribution patterm of a number of labeled hormones and vitamins
has been investigated in mice by whole-body auteradiography complemented
by detaited sitaradiography of setected organs. The pattem after injection of
labeled diethylstilbostrel was almost identical with the pattern after njection
of the lsbeled natural Liorrones, estrone and estradiol, The radivactivity was
tpken up specificalty in-2 aumher of probable target sissues, the endometeium,
she vaginal mucoss, the granulosa layer of ovarian follicles, apd also in the
pdrenal cortex. T

Injected Cijabeled vitamin A was evenly distributed except for a distinct
ncalization in 2 few tissues: the reting, liver, and lung. Ne uptake was fou
in fetsl eyes. The Cottdabeled vitarnin B,g was highly concentrated in fetuses
aund in @ fast-growing tumor. It also localized in most endocTing glands, but
po significant localization appeared in hone marrow. CtLabeled vitamin E
did not pass into the fetus. Localization was found in ovariad follicle walls,
- porpus luteum, and in bone marrasr. .

o
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raoM THE DEFMARTMENT ()F_PJIAHMM,'GLU:;T, MUY AL YELERTRARY UOLLEGEH,
"ETOCKHOLA, SWERNN

PLACENTAL PASSAGE AND FETAL ACCUMULATION OF
LABELLED VITAMIN B,, IN THE MOUSE

Y

$. ULLBERG, H. KRISTOFFERSSON, 11, FLODH axv
A. HANNGREX

{ Hercived fpor prldieating 2g-f-teid,.

Vitawnin B,, is mainly known as 2 therapeutic agent against pernivious
anemia in man, bot it is also of importancy for basic wmetabulic pro-
cesses and is necessary for normal growth and reprotuction in aniinals
and some mricroorganisms. '

The metabolic mode of action of vitamin R,. i nutsclear, cven if
scveral enzvmatic ## witrp reactions invalving the vitimin has heen
elucidated during recemt ycars. Vitamin B, ,-counzyms an belivved to
participate in certain isamerisution reactians (11 ani in niethy] transier
ta homocysteine {7, 10). The vitamin is also climed to be invilved
DNA synthesis (2, 1)

Vitamin B, has many unusual properties. It is active i extremely
low comcentration; SOme authors have claitmed that it i the tnost poiunt
of all biocatafysts. Another agent which is alsn active against. megalo-
blastic anemias, folic acid, 18 required in alout 1600 ties higher con-
centeations. Y. is the only vitamin which is synthesized vxclusively hy |
microargatiisms, it is not present in significant amounts in grecn plants,
Non-carnivorous animals, a3 a rule, get their supply chrougly micro-
bialogical synthesis in their alimentary canal.

I'he mechanism of intestinad alsorpion of vitamen By s alsr wnttsoa!
in reguiring the prusence of a specilic sulstunoe, e strmsiv Tuctor,
which is formed in the gastric mugesd, apparently with the e
of facilitating the puss.gé of vituptin Hy, from the etestinal Lunrenn te
the hinad. -

Investigations of the distributiin. of vitamin B in the pracle s
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after atmoasreatn,

The nasual patienas e transferafl vitmein By Teenn e e
feps vl sapeared in the antoradmerapbie week fnibated further
atocivs with sowiilltion conmting wsing g double detectur acrangeoment,
The mftuenee of duse amd time o the placendal transfer has thus been

further clucedaned,

Alarerials axn MeTHos

Whate rniey o the Avwrean arrain N OALRL were used. et : The mice were fed
panse pobivte amd water adf, fb. The pllets wers supplicd by AB Ewoa, Spdertilje,
Swcden, andd were crngosed of ¢ whespoveder 3%, expanded cerewls 3o %a, soybean
ail et 0, Hshoomend, defatied. # ', s besne ofl 3o, weast 2 7, lime sbene T,
VIENMID Comeornirake 1, Dace clements 1 ¥ Average anadesis dey maeker D cowde protein
207, ertad Rt g weh s, (0T ol Mo T, fiber 307, W Free extracts 58 7
Woaker bt v &

Vitarnuw od led e ea prumsd o vikann A 360 U, svitamin I 36 10, vitumin
E+.310° rlaanew 1qn maoregrama, ribeflavin zes micriggrams, preidosine oo rictos
gons, panmathene, cwn! saw nocrngtarns nidctn 1 andlluram, choelin chleride o0 gram.

Prace vietner e odeed S cent) e st O asaos g, Co osecor T, Mo ooosf,
| pogeah, ooy
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A series al e Pt e weee injected wich ot *-labefled vitamin By {cyanoce-
Pagdaretr s aoepe B oermvie, or el e f A lerck b e doee w815 ugh'g hodye weetgrhr,
vorresponddingg 10 a2 By g B s iinad. Ae Hios desse stronety evceeda the phyeio-
e al v sy 50 b e, wbmeen HyL o e abilanntinng sl the rcm-.irkahl}' high gpes
Vitde st s et e oal e elaen b oBee et linp e - 1 Teilandd chan Teeen used

i

BHE T atl el S md v Send e et - B arnh ol B veened Borg o - 10 T gl bodr

wedgtn ook U T rarrne Wy ooecespen dite ke abeesd s e F g By per mouse,
{ny alb rbaan e b Bvern piven mifs chaon 1 i il veine 1w volume
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FETAL ACCUMULATION OF VIT. Ib, 431
-

+ mplemenied with two mive which were inpored with Coc it By oy ooz e
.. sting and were killed a3 hours biter.

The munradiographic method he heen desirifnel clewliere 1300 278 Sapimal oo
sevtionn through the whole freen animals were eut st diferene levels wnd el s
The Elms msed were Grevaert’s Structuris Xoroy il and Thond™s T pndear plice.
The exposure tirw varivd heoween 10 and bo duvs.

Seinaillotior tositing. T

"Fhe appurius used for thye guantitabive medEurLments ool Uoas ren Bat osecd o
iodide erystals {2 - 27} These were electronivalby voupled Ton -earekime e oelaar
indlividual counts. The specimen waa placed cquidistane From the e delater s, whirh
Gced each other at w distance of 1o cm. This acmoguoment portitoed 1Y nuesurement
of the low sctivitics that were utilized,

Colhoyitamin By, was injucted intravensusly in u tail vein o prognant oo urivr
varying conditions. The doses and intetvals wsed will Be g oen i e detail aharg with
the result repoert. The animal mmteris] congisred of B2 fumake NOALK mice. 57 0f
which were pregnant wnd 3 nop-pregnat. Fhe zulwativity of te v aonimsls s
dotermmined itarmedinte]y afeer the injection sod ot votions crvale, AFter e womis
nere killed the fktuses, plecentes and remuining caneiseses wene also caakin bz i e doubile
detector,

To check the retishility of the double detrctor artanpenent e leiiive., plavetnee
unrcrstes from four animals, ijected with o.o8 e Capt-Hyp, were slyboated (oo
N, and aliguotos were measured in 2 well eovstal. The duleswcuve brtaesn the reaul e
wing the two methods was 1-3 %- '

RESULTS s

General findings (Scintillation caunting + autoradiography}.
After the intravenous injection, vitamin By, senvity dissppeared
rapidiy from the blood and was taken up by the placcotae and by
TanLe [

Ievemtion fin per pent of infected dore) afeer 24 howrs i Feiation foluy to mother of de
rencmed radivacioiey Folioing injectivn tith varionl doses of o= wrtornriny H .
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matertidl Gissness Alter 12 minutes (Fui 3) the concentration in the
maternad blood svas Iower than in Tnast tseuges and after 4 hours (11, ga)
it wis hardiy hscernible, When high duses were given remal exeretiun
centributed significantly to the clearance of the blood, especially during
the tirst tew hours after injection (Tanlr II), After adininistration of

Tamr 11 e,
- :

firtentfont churimg the fivse dreutire tfbed iwgectien with Co™-glvaunin £F, '
. K :

Retention in per cent after

Duse - - i
in ug th 3h  3h @ 4b ! 5h | &h I-?h. | ikL
R | H ; -
e ! I .
; i #
Maume T o0 742 0 315 264 | 200 | 302 | 104 | 190 | 9]
Mouse 11 ase 410 200 11 . eb ' g | L ES : g5 82

: | ’ 1o -.*.
low doses, however, mast of the radioactivity was rﬂmm:d i the l:u,dy
for a period of 6 days (Tank Hi).

The uptake in the placentac was by far the highest of all t:sau:s.
Accumulation wus also observed in different maiernat tissues including
certain endecrine organs, the remal cortex, the liver and the pastric
mCRss, - L

Tame Hi

r

Retenvion of Co™ By fn pregaone and wos-fpregmant weice, pndied froi 2.; Jm..r.r mmf

6 derre. dHese ;0,05 pg per wcuse C _.-"H.-‘}_e'._ .
SR
, I o PR e I s
Retention i Anminml L Animal
afper Pregnant number | Non-pregnont “"i burnher.
% r
a4 howrs ' owea = ooy 11 LB Fenh |t o5 0,
2 duyr . bW oo, oxg , 13 ' 7.5t z.ge ' 0 Tk
3 daya © . B36 - aan 13 N SN e -
4 days Bz7 .- e 13 S7a6 LoasE g oEnl e
4 dave Kas — &% iz L Fo.5 &+ rph ;I .1 #5' iF P
! . CO - I & e
- k LA

There wee a slow transportation of radmactwe subatznee from t]:u:
placentac to the fetuses. After 24 hours the fetal concentration had
reached s peak. The fela] ‘tissues reached much hlgher mnncntratmna

: e }‘f
. -~ v W Rt e Loy
: ey

. \..-".‘- L :' '
o "?--n'-e--.l.ﬁ‘:iﬁ‘-f
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% than thc maternal Rigdties. ‘The fetal uptake was dose dependent. With
> lﬂw dusm ‘thie fetuscs‘shuwﬂd 40 10 139 times higher concentrutions per
;s; gmm tissue thin the maternal bodies {TasLe I). The distribution pattern
Ty el cath fetus was- ‘f'e“r}r sirnilar to that of the mother. The activity was
i not collected in 2 depot organ-such as the liver but almost everv fetal
»y, tissue shawed, higher concentration than the corresponding maternal.
-}' ¥ In rnimals killed a long time after injection {16 o 32 days) there was
{3 mme redlatnbmlun of the radicactive substance and a relativelv lower
' trm.mn apparemly duc to dilution by fetal gmmh {FG. 8).

. . » Fmx
Relntm: inncentrations of radiosctive substunce per gram tissue of plagentae, fetuses
wnd ramzining carcam of (he dam studied 15 minutes o 24 houwrs after injection of
vot*-Byy. The concencrations are put in relation w the mean concentontion of 9 pregnant
wouse, jmmediately after injection of a0z pg radio-1d,, Now the rapid accunmwlngion
1 thir plocencad and the slow accunmmletion iy the fetumes. Fuach w]ue indicates the
wun from 3 mive. -

.‘.

Scintillation counting. -
The cffect of the dose size 04 the reténtion of radivictivity 24 honrs
alter the intravencus injection of Cof-labuiled vitamin B, to full

2831
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el . Gutent of ridivactive substance in the enllected placentoe, Eotuses and remmining

B - sarcass in per cent of the whole retained dose 15 minures 0 24 hours after injection

o ¥ with Cov.g Dose : o.05 ig. Most of the lubnlied vitamin By, is dusing the firat hours

& ¥, dncated in the plage tac and later on in the Frtuses. Each valus indivcten the mean from

B TN . gl.--li --l‘:'__'-"-' ':bl ". o : H'-L! , i \ -
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T T - i -
X - i

A S e T A A R
o Do = Blood ‘L}W?' _'Fttu,llui_':' Pluam‘_l.: S *.
ERCE; E N : . Y BT e T “} ST
. Kutoradingiam of Cosulstctled vitim;'n_B“'ip 8 pregrant mouse Is mistTés after intre. .
i denons injection. The mdigactiviry Yas nint vet'reached thy feruses but the voncenteasion® .~
n the placentas 3y iy for higher thaa In any other rssue. Several argaas such 2y ghe - i
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term pregnant mice can be studied in Table 1. When the low- dose of
©.02 MICrOErams per mouse was given, only § per cent of the radio-
ictive substance was excreted. Witk increasing doses the percentage
excretion went up rapidly and when 200 micrograms wis infected,
90.3 per cent of the duse was excreted. The table also illustrates the
remarkable cffect the dose sige has upon the fetai-maternal relation
of the retained radioactevity, With the lowest dose the concentration

in the feral tissues way ; 3¢ times higher than the cencentration in the
matirnal tissues,

Viavaral yolik sae epitheliy:n

e Faca
|..‘I..
Fl '
- - e i e i i e
_ R Intt_',-;nne . Fatuece Pincenta
g 3 T o MR S . :
i % 7L Pio g
£ Lk

wﬁmail &F ncighbauring autoradiogrem: toriqa. i the fopue which shows radicast ity
thie highet CRTCENIrtion i3 geen in the imteatine, In the nterally mectioncd piacentz 4n

-, WeCaalrtion i Een in the viscera! yalk g epithelivm. The radinactive suhsmnce hos
T ok yer Yoached-the sight fetim but'its plavents shows high concentratian, :

| a:-'i.u' s T w4 T DT T e : : )

Yo LA e LT By L o .. T

. & - The fetal-maternal rato-decregsed to 10'with the doge .5 micrograms
b and wag less than-a wiih the grant dose ol2 mg. oot o

e Fables 1 and I iHua'tratcl" the tempéral “pattern fdn_'exéretin_n {the

ﬁ_r:'t’ai:ied'activit:,'r_'being megsured by whqlc}t_rd'd_‘,r"-'s_ciu;tiﬂa'tfnn}. R

b2l In the £Xperiments in Table It two fairly large. doses have heen.us_cd :

I
W

o3 g, T N a ™. C

ﬂi&;.-;;':;;'_hdu'm and then ll:in.aa;:ru..-aa'f:d_a;:',mpﬂv:IIr o #

- : - to. ] B :
Pnaliua i e R RN o Ve e
TE T R
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B I',nblr iII shuua thc c::u.rcnnn during & davs in pregnent end non-

VN *prcgtﬁnt mice given smaller doses. The exeretion was only slightly
ST . greater in the non-pregnant inice.
o ‘k F .-Fig. 1 and 2 illustrate how the relation between placentse, fetuses
+ - and maternal bodies changes with time.
. ~Fig. 1 shows the concentration of radivactive substance PET gEram
. tissue of the placentae, the fetuses, and the remyining body tissues
* of the dam in relation to the rmean activity.

EE:—"*-' -'-'i"fhc actmty in the’ planentau haa mﬂﬁm an huur gﬁne wp to‘more
. hari 23 times the m:-anv:cmrlt_',r Y The Toncentration in the placente
R _n'mmatcs duting ‘the first § hours: Thé fotal ‘Toncentration passes the
4 fhaternal by 1} hours'aad by 24 houes it haa also excoeded. the p]acm,tal F -
« level. At tliis time the activity in thé remaining maternal tissues, is only
SR jbuut t/10 of the mean activity ainly due to the' ancumulatmn iy the
o ? fetuses and the pi:mentae The activity in the fatusas lﬁ- mare thqn 58
o Ctimes hipler than jn the mnternal bodies, 5 Ty 1--« - h‘ E
¢ % 7. Fig. 2 Mustrates the changes with time of the whule content of. radio-
= active substance in 1} the collected plat{:ntar;' 2} the mlie::ted ‘Tetnses,
'an 4] the’ remdmmg mamrmd -tigsues. “The values are gnen as, per !
.#.;.I....#m; EE M A Y RS w“ﬁ_f‘ﬁ“ '-;;,_,.Wm“.ﬁ

ir|
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cent of the entive retained dose {p]acéntau — ferases  handy 1000
‘Fhe tahle shows that the placentac from 15 minutes to 2 hours alter &
injection contain more than half of the activity in the whaole pregnant "}
mouse. At all times studied the cllected placentag contain morc tadic- |
active substance than the maternal catcass. At .24 hours the fetuses :
contain. mote than 3i4 and the maternal body less than 1 10 af the f

retained actwvity.

.;‘:‘

Fiacenia

Livar Fecaxes
Fis. &

savtoradiogrirn of § preghant mouse 4 days aftee injection of Cortclabwelled vitamin
By The concentraticn i very high in the fetusts and placentar bt low in the mather.
1n the muther the highest coneentration is found in the follicular walls and corpora

" Jutes of .the ovary (see enlarged detailh

“ % Autoradisgraphy. - L

Uptake in maternal organs.” . After 1§ minutes the uptake in the
¢ placentae dominated the distribution picture {F1c. 3). Ameng the
% marernal organs an -accumulation was also poticed in the cortex of the
= kidney, in some endocring organs such as the pituitary, adrenal cortex,
}j;»g-tﬁfi:‘niﬂ_ -a.nd gonads and in the pancreas, the gastric mucosa and the
R e — o .

2598



neoc e T ¥ e PR R

“_;-‘ "-'l‘i“?,'_l" PR - P T e e T ) o
B T 4R D o o R ULLHERG ET .H. & *

. *
P_ . . . - 11

R T liver The passage to the brain was hiudered but high uctivity was
""‘ “noticed in the choroid plexus and in a small area in the brain stem,
o &ccumu]atmn in these urgans wag alse evident at the later times studicd,
0ot _evm in animals killed 16 and 32 days after injection. A rather low uptake
- was seen in the bone marrow. "The main change with time in the
‘¢ distribution pattern was, that al the late times studied reletively high
P activity' was noticed in the brain, and thit the brown fat which early
' showed 2 modest accumulation later became one of the more dominating
tissues in the autoradiograms (Fre. 8.
The distribution between mother, placentae anu fetuses during the
first day after injection is presented in the scintillation counting tahles,
Faur days after injection the fetuses still Jominated 28 they did after
L7 a4 hours (Fic. 6). The activity of the placentae had decreased but was
- still high. Even in early pregnancy (1o days after mating and approxsi-
_mately 4 days after implantation) both the placentae and fetuses showed
: & higher concentration than any maternal tissues (FiG. 7).
RS After 16 days the concentration level of the placentae and the fetal
. tissues was similar to that of the maternal tissues (Frc. 8). After 32 days
* (the animals being injected 12 days before matlng} the activity in the
- . a,‘ﬁ:tunes was lower than in the dams.
-Kp far ds-the distribution in the platentas and fﬂal membranes is
*‘?_fs. ﬁbncern:d radioactivity was limited to the choricallantoic placenta after
14 finutes. Later on, an even stronger accurnulation was noticed in &
- thin layer covering the inner part of the chorioallanteic placenta which
_;prﬂb&hl} currtspunds to- the visceral yolk sac r.plthellum {’Fm F1Y)
s Nu actmt)* was: nhacrvl:d in the- fetal ﬂu:ds .

PR

Lol
ﬂ ,1-

o
Dmnburm# whu l.&c fe!m;.w.. At thr: time Wh;n act.mty ﬁ-.rst appears
m the. fetuses a "high- concentration- was seen in the humen of the fetal
- intesting (Fic. 4- Thia sctivity dlupp-ear:d later. Initially there was
£ lsa i relﬂtweijr high concentration in the. fetal bleed {F16. 54) {while
i the maternal hloud eoncentration had gone down to Fl scarcely percep-
fiblefevel). Lo R E LS TR g e e e

" Otherwise, accumuIntmn could b: neticed in the same tishines. uf the
o fctuses as in the mother. A spcmﬁl: uptake was seen-in the gunex of
f- ~ the kidney buf no nctmt}r was observed in the renal Lilus or in the
... bladder of the fetuses. Specific’ accumulation was: alsc:- ‘noticed in. the

cnﬂ layer) (Fic.. 5.!!} . - R T S,

o = T S TV, D i
i S S - - R _'_,‘_ - ‘t\‘, -
ﬁr ii F '“'_ ,x *. _ﬂ’ m#ﬂ‘%ﬂ,ﬂ'ﬁnﬂhu#‘l‘ﬁrt ﬂm-ﬂk m#ﬁ .

- Basteic muensn — tspcmali}* in the butmm of the: crypts {tht z}rmng:mc_

- From 4 hours to' 4 day& after mlectmn cvcr:,r fetal tisaue. mr.]udu:lgx .
- _ihe cnricrcrme organg, pituitary,’ admna] curtcx and th}rmldhahnwegl d

2837T
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-

a mignificantly higher concentration than the eorrespondig nuterial
tissuen, A significant though modest weceradlation omld e noticed
i the liver. The radicactivity levels of the sheletal moscles maul the
bone marrow were, as in the adult animal, comparatively low, The
distribution pettern in the letuses showed similar changes with time
a5 that of the mother — with a relative merease 1. the UNS and heawr
[a. o ’

The nutial accumutation in a brain stemn ares and o the choreid
plexus was alse stronger in the fetoses than in the mothers (Fie. 340,
The uptake in the rest of the brain appesred to proceed mare rapidly,
Mice, given vitarnin By, befure mating, showed a apecific accumulation
in the same fetal organs as thase mice, given By, during pregnancy,
although the over all level was much lower,

Discuesiox

"Fhe vitamin B,, molecute is considered to be very stable in the bady.
A single injected dose has been shown to give a therapeutic etfect in
man lasting for several months {31, 25). Chromatographic investigations
{NEw)agr and TULLsino, to be published) have shown thae in mice 14
days after intravenous injection the major part of the radivacrive sub-
stance of the liver still represents intact vitamin B,

The pattern of transfer from mother to fetus of vitamin By, which
has been observed in the autoradiograms is peculiar in several regpects,
the strong and rapid sccumulation in the placenta, the slow further
transfer to the fetus, and the final very strong accumulation in the fetuscs
compared with the mother. b

Among the many substances which have been studied in our laboratory
using whole-body autoradiography nene has behaved similarly. The

other vitamina studied (Vitamin A, jo; Yitamin By, 12; Vitamin C, 13;-

Vitamin E, 30) hava not been found to accurmulate in feruses. Many
other substances of nutritional significance such as emino acids {t4),
ghicose (ULLeere and Komansxy, to be published), iron {28) and
iodine (2¢) do accumulate to a slight cxtent. T'he placental transfer
pattern, however, iz different. These substances do not accumulate in
the placenta as vitamin B,, does and they appear in the letuses as early

. a8°1-5 minutes after intravenous injecton of the mother.

The transfer of vitamin B,y through the placenta shows some simi-

larity to the sbsorption of vitamin 1, in the gut of rats according to

investigations by BooTH et @l (6) and LATNER et el {17). They found

- x -
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that perorally administered vitamin B, was rapidh taken up and con-
centratedin the mucess of the smulf intesting, “I'here was, however,
A a slow further transfer from the intestinal wall to Lhe hload,
A The similaritics in time sequence between the plicenial passage and
LL %, intestinl absorption of vitamnin By may indicate o similar transportation
mecharism in the plicenta as in the intestine. Intrinsic fuctor or g

* - similar substance nuay also Plav a role in the piacental transpartation

- of vitamin B,,

. The rapid relative decrease of fetat accumulation with increased 12,,-
dose indicates a limit 1o the capacity of the presumable wetive trans-
portation mecharniism — similar ta what is found far the intestinal

absorption of vitamin B,

. A passible reason for 2 need for an active mechanism of trensportation
"' of vitamin B,, through the epithelial barriers f both the placenta and
the intestine may be the iarge size of the vitamin Bis molccule (molerular
. weight 2bout 1400). '
In earlier reports high concentration of vitamin By, in fetuses has
4

-been found by Cuow ot af {8) for rats and Lunay o of (2o} and
Woons o al. (1) for dogs. A placental concentration mechanisin is
~ - likely to be present in humans as well. Several.investigators have fomind

. _ higher concentration of vitaminn By, in fetal cord blogd than in the

/5  maternal vehons bload in pregnant women and 2 significantly lowgred

27 vitamin Birserum concentration In pregnant wmnen {16, 4, 3, y, 22,
S TP 18).

L .ﬁmd_ﬂﬁdénéy wl;ic'”l;' ij:a'n been noticed di;lrlng-' pregnancy (ig),

o MR There is apparéntiy'a noed for clinica! investigation to study whether
;&?.c;’cthmmm a-state of déefictent placentsi transportation (similar to that
k- o S il

B

. ponaible for cases of fera) death or damage, -~ *. - .. | :
. - :Before piving radicactively tabellad witamin By to pregnant women

mmidcfﬁ'[‘ T g T __E Sy - n IR - W

¥

" female mice before mating only 2 small_portion of the daee is trans-
" derred 10 the fetuses, Thus; the ‘activity, which has glready been fakepn

= p by the Mstersal tissues. does not to any large extent: pass ovér. 1o

Lo

depl eted. This -abservation

Cor ST e

e ""‘,of ;jt_he'-_gastr_uin'tcstinal absorption) of vitamin By, which can be. res.

7. thel probably high' radiation dase of tﬁt_fﬂ# and placenta should be

the fetuses, indicating that the tissue ‘supply of thé mothers i oot
: wgrees, with that of Lusby et al. (20}, who'

7 The aworaiograms shaw * that f vitamin By; it-administered to .

?
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found low concentrations in=the Fetuses after hasing SIVO s Tatain
Bia to bitches 5 manths before mating. ' feruses this seem i apend

on the vitamin B,, which is taken up by the mathuer during prognases.

SusMary

Radio-cobalt-labelled vitamin B,, has been given intravenonsly 1
pregnant inice and the distribution has been studicd in mother, placvita
and fetuses under varying experimental conditinns by whede-Dody wuti-
radiography and scintillation enunting,

Injected Co™.-B,, accumulated strongly and rapidly in the plicenta
foliowed by a sfow trensfor (o the fotuses, The peak concentrating in
the foruses was not reached until after about 24 hours. T'he degree of
fetal accuinulation was dose-dependent. With the smallest dose used
(0.02 ug), the average fetal concentration was 130 times higher than
the maternal. This unusual puttern of placental transfer indicates a
specific transportation mechanizm for vitamin B,,, pussibly zimilar to
conditions in the gastrointestinal truct {involving intrinsic Factor or 2
ginlilar substance).

After having reached the fetuses the radicactive compound was not
located in a storage organ but was distributed 1o-all fetal tisswes. Buth
in the mother and the fetuses the highest congentration was found in
the endocrine organs, the renal cortex and the gastric mucosa.
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The Metabolic Significance of Redaced Seram Bu
' in Folute Deficieney

By Martin B. Van Der Weyden, Mary Rother, and Barry G. Firkin

The depressed garum Biz levels ac-
eompanying folate deilclency gener-
illy increasze foltowing folle acid ther-

apy, and {his phenomonon is cited as’

widence that true Bi» deficlency did
not gireuxist in such instances, In this
study, the meatabolic signilicance of
raduced sorum Biz levals complicating
folate deficiency was determined in
bane marrow cultures by evaluation of
abnormel incorporation of deoxyurk
dina irt0 DNA-thymine, a defect char-
x:lariaile o magaioblastic maturation
dun 1o folate ‘or Baz deffeiency. In in
wilro marrow cultures of seven patlents
with folate deficiency dnd normal
sorum Bie levels, added Bir resulted
In no change in thd depressed ncor-
poratien of deoxyuridineg into DNA-
thwmira, with complete correction of
the defsct by added falate However,
M marrow cultures of five patiants with
iste daficiency and depressed sarum
Biz lavela, added Bi: produced a par-
Hel eorrection of the defective deoxy-
wridine incorporation, with complete

correction by added folale. In wivo
phermacofogle doses of Biz In a pa-
tient with ftolate daficloncy, but normal
gorum By= levels, resultad in no altera-
tlon fn the degree of marphologle
megelohlastic mabsration or tha ap-
nommRal deaxyuridine incarperation into
DONA-thymine. In conirast, in a paifent
with both Bi: end folate dsficlency,
Bz therapy resulled in partlal correc-
tion of the abnormal deoxyuriding in-
corporalion inte DHA-thymire, wilh
simultangous raduction in the degree
cf morphplogic megaloblastle matura-
tien, However, abnormal deoxyvuridine
Incorparation into thymine-DNA, con-
requeni to folate deficioncy, parsisted,
Simllar findings ware obtalned in.a
patient with folate doflclency and asso-
ciated raduced sarum Biz It i3 sug-
gosted 1hat the depressad serum Bu:
in patients with folate deficiency rapre-
sents a true deficiency for hemopelatic
tissue and contributea to the megalo-
biastic maturation hy ils effect on
fotate metabolism,

O-EXISTENT, REDUCED SLRUM Bw levels below the normal range
occur in approximately 40-60% of palients with megalobiastic anemia

tunsequent to folate defiviency.'? Although truly independent Bus levels fol-
rannot be entirely excluded, the spontancous increase in serum Bz levels fol-
| wing Folate therapy!™ is cited as evidence that true B deficlency does not
. ¢<ist under these circumstances.* Suggested mechanisms responsible for the
- tmoduction of depressed serum Dz levels include malabsorption of B8 or
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Flg. 1. Syntheals of
DHA-thyming Trom degx.
yuridina monaphosphate
[dUMP). Points oOf _ |
volvemant of vitamin &
and - folate intermadizl:s
ara indicated, dTMP, the.
midine monophosphats;
THF, tatrahydrofolic aci -
FHTMIE DR OHF, dinydrofolic atic

redistribution of Biz within the body.?® Zalusky et al®* reported that, in
patients with uncomplicated folate deficiency, pharmacologic doses of Bia wep
capable of inducing a reticuloryte response, despite little change in the degr.é
of morpholagic megaleblastic maturation, The metabolic consequences, how-
ever, of reduced serum Buz levels In Folate-deficient states at the cellular level,
or the contribution of depressed lavels to megaloblastic maturation, remain
speculative, | : o .
A sensitive indicator of folate or B deficency at the cellular level is the
interference with efective DNA-thymine synthesis from deoxyuridine (dU) in
short-term in vitra human bone marrow cullures. 1" In normoblastic short-
term cultures, added dU enters the deoxyuridine monpphosphate {(dLMP} =
thymidine monophosphate (dTMP) — DNA-thymine pathway and suppresses
the Incorporation of subsequently added tritiated fhymidine ("H-TDR) into
DNA. 21! The interrelated blochemical pathways are shown in Fig. T. Inter-
ference with the dU suppressive effect 1s abnormal and s a reflection of
reduced tissue Flate levels.'® o - .
This paper reports studies of abnermallties of synthesls of ATMP from dU
jin in vitro bone marrow cultures from patients with folate deficlency exhibiting
associated normal or reduced serum Bz levels, and the effect of pharmacologic
doses of Bu in vivo in modifying the abnormal dU suppressive effect in folate
deficiency associated with normal gerum Buz levels or those below the normal
range. . - SR SRR

MATERIALS AND METHODS T
Effective synthesls af dTMT fromt dU in human macrow !-.ra.m measitred Iiy the '-a'hility
of prelncubstion with unlabeled dU to suppress incorparation Into TPNA of aubzequently
added ¥E-TOR, as deacribed previomsly, 191! [n this system, abnormal synthesly in mes
alohlastlc anemia is demonstrable by redoced abllity of preincubation with dU far T he

. at room temperature to euppress incorporation of aubsequently added JELTDR. For bone

martow <utture, 15_20 m! of marrow were aspirated directly inta 10 ml of cald Hatk"s
solution fonisining heparin, 100 Ufml All operalions were carvied out as previously
described, Il The radicactive precursor used was thymidine {methyl-TH, specific activity
26 Cifmd, Radiochemical Center, Amershata, Frgland} prepared as a selution contalnlng
19 415l The dU7 load was 10 ywmole/ml, concentratlon of added Biy (eyanccobalaminl
1 wgfml and folic acld (MGAY 50 hgfml. Marrow culbores -were performed In triplicate,
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and dU1, folic acld, or Biz was added to each set of cullures. SH-TDR incubatlon {3 wCifmi)
wat performed at 37°C for 2 hr, and 1?NA was exizacked from the precipitale by the
wehnique of Feinendegen of all? as modified By Cooper and Rubin 1 The cadioactvity
of the DNA extoact was measured in o Jiquld acint!llation connter (MNuclear Chicago Comp.,
Des Pleines, TIL), and tesults were expressed as total radicactivity incorporated into DINA,
Al the time of asplration of bone marrow tamples, venous biood was assayed for serum
Biel4 and folate.!¥ The narmal rangs of serum Baz 14 200-200 pglenl and thal of gerum
folate ia 32200 ngfml .

The patients studied conaisled of seven patlents (Mo, 17} with megaloblastic maturation
sunciated with reduced serum folate below the normal raoge but nocmal sorum Baz levels,
mad five pellepts with Folate deficlency end mesociated reduced serum Bix levels below
tht narmal range. The latler graup of patienis (Mo, 8-12) exhiblted normal response in
pastrie secretion W pentagashin!® or fubeleas gastric analysiz, and were negallve for
gateic parictal antibody.’® The clinical details are shown in Table 1, In the patlents with
mutriHonal megatablaatic anemia, the dist was evaluated by the hospltal dietitian and one
of the anthors and was considered inadequate to maintaln folate shores, but was not
deficient in His. ” - T !

RESULTS

- In normoblastic marrow cultures, added JdiJ enters the dUMF —» dTMP —»
DNA-thymine pathway, so that the incorporation of subsequently added ¥H-
TR into DNA is reduced to 10% or less of the control marrow cultures, i.c.,
cultures not preincubated with dU. 111 The abnormal dU suppression of *H-
TDR incorporation into DNA in marrow cultures vbtained from patients with
folate deficiency Is shown in Fig. 2. In patients with folate deficiency but
normal serum Big levels {No. 1-7), Fig. 2A shows that the addition of Bu to
the marrow cultures resulted in no significant correction of the defective dUJ
suppression, with complete correction (less than 10%) by the addition of Folle
id, In contrast, the addition of vitamin B to the marrow cultures obtained
from patients with folate deficiency and reduced serum Bu levels below the
normal range (No. 8-12} produced a partial correction of the metabalic defect,
* with complete éorrection by the addition of folic acid (Fig. 2B). The two groups
of patients with or without reduced serutn Ber levels below the notimal range
miy not be stricthy comparable. The patients with reduced Bu levels (No. 8-
17} included Four patients with nutritional anemia and a patient with epilepsy
{ca Dilantin thetapy). In this group of patients, the degree of abnormal dU
= nptession was particularly uniform (see Table 1). The group of paticnts
w th normal serum Biz levels {(No. 1-7) were less uniform in clinical status,
in Juding three patients with alcoholic liver disease. The degree of abnormal
d1* guppression was similarly Jess uniform, varying from 15 to 77 %, and
% um Bis levels ranged from near the lower range of nermal to above the
hormal range (Table 1), The uniform, in vitro response to Buz in marrow cul-
hures 1o, the twa groups of patients makes it uniikely that the difference in
wperlmental observation between the two groups was due to factor(s) other
than the difference In Bu levels.

The effect of pharmacologic doses of Bu: in ameliorating megaloblastic
maturation due to folate deficiency was studied in one patient {No. - 3)—with
teduced folate below the normal range but normal serum Bi—who, during
the study, was admitted to a general ward but maintained on a diet s[milar bo

2860
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Table 1. Cimicel Datalls of Fatlante Studiad

2860

U Buppraelan
of 3H-TDR
Fatiant Humbar . Dlagroaiz Murroe Morphelegy  Berum® Vitamin By, Bmrum Falatir into BHAL
_ i}
1 Alsghollc alirhosls Muaghlsblastic 250 1.0 M
2 Alcoholic cimhosts )
© - dalirlum tramesne Magelcblasiic Far i 20 B%
3 Mubsicnul riegalablastic anemia . Megaloblastic 280 1.4 ki
4 -Alcoholc cirrhosle Megaioblastia 1110 1.2 an
5 Nutritisnal rmagilob astic andmis Magatoblastic 210 1.2 &7
5 Lymphasarcemn, Coombe” ) )
‘pasithre haemoiytic anemin Early magaloblastic 350 14 18
T Chrgnic vanal failure Early megaloblestlc | 00 127 z
a Hritional megaloklaatls apamia : Magglablasiic o 1Q 1.0 &0
& Mutrtionul magalgblastic anemia T Magaloblastic 110 14 44
10 Rhownatoid arthrite, :
mitriBonal megaloblastic snemia Megaloblestic 110 1.0 48
1 Mutritional magalablastic gnemle Meggloblaztic 125 2.0 w
12 Epilapzy L. Megdioblastic 115 24 g -]

* Range of normal serum B;; = 200-800 pg/ml.

+ Range of normdl folate 2= 32-20 ngfml,
TH-TOR in DNA in narmablastic marow culures = <10%.

# dU) sppperacmion of

]

1

e
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Fig. 2. Effect of follc acid and vitamin Biz on dU suppression of H-TDR
Incorporation into DNA (n marrow silfuras from patianis with folate deficinncy
nd nevmel serum Bis levals (Fig. 2A4), and with folate deficlency and rechiced
serum Bz levals (Fig. 28), Decxyuridize (di), 167! pmole; *H-TOR, H*-thymidine:

acid, 50 an/culture; and By, 1 ap/culture, Mean |ndlcated by horizontal

prehospitalization. During a control period of 3 deys, the reticulocyte count
tanged from 0.3 to 0.4%, Serum iron was 200 ag/100 ml total iren binding
capacity (T.LB.C.) 270 ug/100 ml, setumn folate 1.4 ng/m! and B 260 oe/ml.

e-marrow morphology was frankly megaloblastic, and dU suppression of
*H-TDR into DNA was 77% {normal less than 10%), with no effect by the
addition of Bux 10 the marrow cultures and complete correction by the addition
of folate, Subscquentiy, Biz (cyanocobalamin} was administered f.m., 500 pg/
day during an 8-day period, Repeat marraw biopsy at the completion of Big
therapy exhibited ne change in the marphologic degree of megaloblastic maty-
fadon, and the dU suppression was unchanged 2t 79%. Reticulocyte count
Ciring the Bz administration ranged from 0.2 to 0.5%. Other parameters at
1-e time of repeat marrow biopsy were: serum iron, 200 #£/100 ml; T.LB.C,
<10 pg/100 ml; serum folate, 1.0 ng/ml; and serum Bz, 3600 pg/ml. After 3
G1ye with na change in the reticulocyte count, folic acid therapy (50 pg im./
d.¥) resulted in a reticulocytosis reaching 41%.

In contrast, in a patient reported previously!! with pernicious anemia and
asociated folate defidency {serum Be, 20 pg/ml; serum folate, 1.5 ng/mlj,
the marrow, prior to treatment with Buz, exhibited abnormal dU supprassion
(62%) with partial correction by the additivn of Bis (48%) and Farther cor-
fecton by the addition of folic acid (207}, Ninety-six hours after B therapy,
500 pp/day, the reticulocyte count had risen from 3% to 15%, and repeat
Marzow revealed a reduced depree of morphologic megaloblastosis and amelio-
fation of the abnormal dU suppression’ (29%). Addition of Big to the marrow
tulture, in contrast to pre-Biz. therapy, was without effect {dU suppression
33%) with complete cerrection by the addition of folic acid {5%). Serutn B;

2860
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28 T yAN DER WEYDEN, ROTHER, AND FIRKIN
_ -t the time of repeat marrow was 2300 pg/ml, and folate 0.9 ng/ml. A sloular

pattern was demonstrated in a patlent {Me. 12) with folate deficiency and
reduced setum Biz below the normal range. The marrew pricr to treatment
with Bu exhibited abnormal dU suppression (39%) with partial correction
with the addition of B {1B%:) and complete correction with folate (6%,
Forty-eight haurs after commencing Biz therapy (500 agdayy, repeat macrow
aspiration revesled a moderate reduction in megaloblastosie and associated
reduction in abnormal dU suppression (20%), with no significant correction
by the addition of Bz (18%) and complete cotrection b} the addmc:-n uof
folate (290).

DISCUSSION

In 142 patients with megaloblastic anemia due to folate deficlency, reportel]
by Mollin et al.,! 47% exhibited depressed serum Brz levels and, in 10%, e
level was less than 100 pg/ml. Similarly, six of ten patients reported by
Hansen and Wienfield® and 12 of 21 patients with folate deficiency reported
by Cooper and Lowenstein® had associated submormal Biz levels. In contrast,
ervthrocyte Biz levels are invariably low in folate deficiency.’® The effect of
folate therapy on the depressed serum Biz levels is variable but generally
produces a rize in the serum Biz. Mollin et al! reported that the serum Bi
failed fo rise consequent to folate therapy only in patients with coexistent
malabsorption of Biz. In the data reperted by Johnson et al.,T despite a signl-
ficant rise in serum Buz levels in 12 of 21 patients with tropical malabsorption
teaching a peak 3-17 days after commencing folic acld therapy, in only five
of the 11 patients was this sustained at 30 daye, and in only three was the
serum Biz in excess of 150 pg/ml. The subnormal erythrocyte Bir levels in
folate deficlancy return to normal following therapy.'® However, in patients
exhibiting associated reduced serum Rz levels, the erythrocyte Biz level failed
ko be sustained in the normal range following folic- acid therapy’® The
mechanisms responstble for the depressed erythrocyte or serum Big levels

below the nonmal range or for the subsequent rise fnllmuing Eulu: md therapy.

[

are speculative and uhproven.

The contribution of the depressed serim Bag in fulate deﬁclent}r l:ﬂ the
megaloblastic maturation is demonstrated by this study. In marrow sl tures
“abtained fram patients with Bz deficlency and associated normal or increased
serum folate levels, the abnormal imcorperation of dU into DNA-thymine
is partly corrected by added Biz and completely carreéted by folic acid. 111 In
contrast, In pure folate deficiency, added Bi: is without effect. The pattern
exhibited by patients with folate deficiency with coexistent, depressed serum
Bz levels is stmilar to that obtained in patients with uncomplicated Bz de-
ficiency, namely partial correction of the abnormal dU lncorporatiun ints
DNA by Biz with complele correction by feolic acid,

These findings may be explicable on the basis that the redu:ed serum Bu
levels in Folate deficiency represent for hemopoletic tissue a truoe def' clency
at that peint in time. Consequently, the resultant impaired conversion of
s-methyl-telrahydrofolic acid (SM-THF) to tetrahydrofalic acid (THF), & Be-

28:60
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2

dependent stap 102021 554 she d:cz_'e;sed cellular uptake of SM-THFE, possibly
Bis-dependent,® potentiate the degree of depleted tissue levels of active folate
intermediates, with ensuing reduced conversion of dUMF to dTMP, 2 folate.
dependent step.®* This concept Is supported by the finding in the patients with
both B:z and folate deficiency, where the admindstration of Bas resulted in the
conversion of the metabolic defect consequent 1o Baz deficiency, with coexistent
reduction in megalohlastosis. However, evidence of abnormal dU incorpora-
tin inte DNA, conscquent to folate deficiency, persisted. In contrast, pharma-
cologic doses of Buz in a patient with folate deficlency but normal scrum By
were without effect in reducing the degrec of megaloblastosis or abnormal dU
incorporation into DNA and were ineffective in inducing a reticulocytosis, This
variance from the findings of Zalusky et al. may be explicable on the basis
that the patiehts studied by these workers had alcoholic liver disease and may
have had Hssue depletion of Biz despite normal serum Biz, a phencmencon

demonstrable in 2loholic liver disease.25
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VITAMIN B, AND NUCLEIC ACID BIOBYNTHESIS*

i By BEREEPAD R. WAGLE, Dh\'lﬁ A. VAUGHAN, &, P MISTRY,
: ' avp B, CORNOR JOHNION

- (from the Deparimant of Animel Seiance, Univeraity of Hfinois, Irbana, Iitinoi)
" (Rpasived for publication, July §, 1857

While. there is much evidence that fulic ncid is concerned with the use
- of l-carbon motabolie intermediatos in purice biosynthesis (1), a role of
“vitsmin By in this pathway has not been establiched despite its role in
“ the 1-curbon metebolism of methyl synihesis (2),  Dostulstions as to such
_wrole for vitamsn Bis in nucteic acid synthesis are based practieally entirely
o the faet thet some vitamin Byrrequiring organiuns will grow whee
. fiven thymidine and other nucleotides in the sbsence of known added
vitsmin Byp (3, 4). The preseot investigation deals with ihe study of
Neorpgration of I-carbon precursors and Cl-glueose into nueleic. acids
®Eliver of both vitamin Bis-deficient and normsl pigs, chicks, and rats {6).

EXFERIMENTAL

Production of Vitannn Bis Deficiency ta Animals—Yitamin By, deficioncy
w8 produced Loth in behy pigs and chicks as reported previously from
thig lnborntory (6, 7). In the csse of rubs, the deficiency wue produced
by lceding the soy besn-lectosc diet of Cuthbertson and Thoraton (8).
Normal heby pigs and rats received 1 v of vitamin The per kilo of body i
“Telght per day by injection, while chicks received 30 y of vitamin Ba
per kilo of dict. The vitwwin Budeficient and normal wnimuls were
Biooted with 40 pe. per kilo of body weight of the fllowing: Fermute-GH
(spevifin aetivity 8.9 me. per nunole), fornmldehyde-CH (specitie activity
.'hltL'. per msole), glyeine-2-C (apadilie petivily 1.0 me. per turnole), ser-
g3 (gpecific activity 1.8 e, por mmole), CYHpmethionine (apocific
athivity (.42 1ne. per mmole), and wiformly labeled glicose {apecifie ne-
tivlty 1.5 me. per mmole). The aninwls were killed after 4 hours, aud
e livers wern remaved and analysed for RNA and DNAZD In the
Spriments for urinury ailintein isolation, the ruks were injected with
'%"-' mdinactive procursors shown in Tablo 1L aad 10 day urine collee-.
Nons wore mande for each mt.
* Thin work wad supported in patt by grents-in-sld from the Natienal Vitamin
l:"ﬂlumjm,if.nr New Yuwrk, and the United States Atonic Enargy Commirsion umler
Sntrugl Mo, AT{11-1)-67. Presentsd at the mesting of the Ameriean Society aof

Biolugienl Chemists, Cleago, April 15-13, 1657
" Thu following ebhreviations nre used: RNA, rilooucleic acid; snd TINA, deoxy-
Hbonyelpic soid,
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felation of Nucleic Acide and Allantoin—Nueleic acids were isoly, *

. and sepamted by the method of Bendleh of of. (8). They were than froey

of glyeogen by subjecting it to smylase treatmant and of nualmprgf_(.im
by adusting the materiat to pH 42. The DNA and ENA wers the,
dissolved in water and plated to infinite thinness, and tha radionetivy,
of samples was determined in n gas flow counter. The resulta are Eiﬁ:
in Table I. Alluntoin was isolated by the mothod of Brown & al. (i
Thiz crystatline allantoin was pleted al infinite thinness, and the Fad,
setivity was determined as above. The results are given in Table

Results

The dats in Tahly I show that there was no differsnce in the rug,
activity of RNA and DNA from vitemin Byg<Jeficient and normal animy;,
The radicactivity of the nueléie seids froma the formate- and formaidely,,
injected mnimals was higher than thay from the animals given ather py,
enraora (such ns pglyeine, serine, and melhioniog) ; however, theee gy,
no dificrence between vitamin Bygdeficlent and normal spimals, S,
larly, when serine-3-C'* was injected into tho norinal and definicnt ry,
no difference was observed in the radionctivity of the nucleie acids fpla.
vitamin By, 230 c.p.m. per mg,; minug vitamin Bae, 242 ¢.pan. per my
The results were similar for chicke, pigs, and wuts. The obrervations mag,
with ugiforinly labeled glueoso-C also showed no differances in the actisiy
of the nucleie acids between noroal and deficient pigs. Similarly, then
wag no diffierence in the labeling of the allnutoln excreted by vitamin I,
deficient snd normal rats. '

DISCUSSIGH
The remlts tlearly indicate that there is no difierence in.the amonnl ¢

' fnebrporation of L-carbon metabolites into nucleic acids jn vitamin B, .

deficient and norma) animals. Rose and Schwsigart (11) isolated bat -

' RNA snd DNA from the livers and other tissues of rats fod vitamin By ;

deficient and mormal rations, and they found that the total DXNA oontent
per gm. of liver was redveed by approximately 20 per ceat in the vitamin

Burdeficient salmals na compared to control animals, while RNA ww

reduced by approximately 10 per cont. This may possibly e due to the

 differcnces in fopd intake and final body weight,

The total mdioaetivity incarporated into nucleia aeid compares wel
with that reportod by Haydar ef al. {12) usdag C*-formate or glyeines and

that of Barelay of al. {12). In the present studies the inegrporation of the J

i componnds into BNA and DNA was very nearly the same, which wa
somewhat surprising in that DNA hos e slower turnover rate than RN
(14). Thie i5 pomewbot clarified in the data from the time gbudies of

Fa
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Rardar end coworkers (12). According to them, maximal incorporation
it RNA in the intact anitmol is reached ut the end of the first 2 hours and
then falls off rapidly, In the present studies, the animgls were sacrificed
after £ hours; thus, the most proboble explanation is that the incorporation
of mdiosctivity from a l-earbon pracursor was etill incressing in the oase
of DNA aven ai tha end of 4 hours, a8 shown by Friedkin et al. (13), for
ymidine-C* incorporation, while that in RNA waa decreasing owing
iv eatabolismn after the penk had been reached within the firet 2 hous,
the et result baing similar labeling of RNA and DNA. Himilarly, Barolay

1, Tasiz 1 -
.. Effect of Vitomin Byg on Nucleic Acif Synihesin

Activicy n Isokited auclele pddy, ¢ pm. par e
Fretuzvor wimlonlatersd Complety diet ’ Vilmin By-froo dlet
' ANA oA RNA DA
Chieks
Formate.0n, o GBO a0t 828 &3
Fermaldahiyde-C, ..., ...... B50 452 4T0 sos
Glyeloe3.0M. ..., 460 308 a9 305
Seting-d.0M, 308 a8 230 210
Methiowing €y, ... ... 440 e | 400 L)
Fign
‘-‘_‘—-_
Formmte 0. ... Ll 260 15 318 356
Reline B.CM, .., | 266 2 25 296
Clasose Gt .ooiis s, 265 260 230 235

*tal. (13) observed uo diffcrence in activity in the soloted adenine, guanine,
d thymine from DNA and adenine and guanine from RNA,

Rege and Sreenivamn (16) end Downiug and Schweigers {4), working
With vitamin Pirrequiring organisms, bavo shown thul beth folie neid
Wl vitnmin By &re concetoed in some way with ihe control of nueleic

- Wi synthesia, On the other band, Bergmonn of af. (17) demonstrated

bt vitnmin By has no effect on the utilization of the formyl comnpound
i-‘1‘|'+-‘Jlrl1mrr||1a:]-:rin'u'idu.z,:u!e-.'iu-lr:urI:nmmnrr;iuinuljl for purine biosynthesis hy Ks-
Rerichin ooly, Downing and Sohwoigert (4), using Zastobacittus leichman-
'jii: bave shown. that vitamin By is involved in the biskynthesis of deoxy-
1‘_'“'3913. On the othor hand, our studics with CH-glucose indieats that
tamin By ia not directly involved cither in the conversion of glucose

2
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to riboee or deoxyritist or in the incorporntion of these pentoseg jy,
nueleie acid in nnimals.  These duta may possibly all be expluinable by th
role of vitnmin Bi; in protein (henee iy enzyme) hivsynthesis {18, 16,

The results i Twhle IT show thit vitamin By hea no direst role il th,
hosynthess of the purine ring in the rat,  The presant work would Mg
alo to rade out any role of vitawmin By in the formation of tha fuum.ir,n;d
form of folie aeid that is requived for incorpomtion of a 1-carbon 1y,
into purines, :

.The reslic obinined when Clhmethylmelbioning was injeeted uffypy |
additional evidenoe sgniust the role of vitamin By in the transmethylyij, |
(20). I vitamin B: were fuvolved in tranamethylation, it woull —
reasoliable fo suppose that the oxidation of niwethyl groups would lig

TFarg 11

Ability of Rats on Vilamin By Free aud Camplete Diets to Fncorporats
Varivus Precursara-into Allantoin (Hara*)

——
Iﬂpﬁdﬁc attivity of allaotoly, ¢, ey n

Frovuzsor adminiytered Diose, c'p"’&l;;; day (bos 2 . —_
Complete diet I\":umin Buitres g,
> 2 T
Clyeina-2-Cr . ..., 1.45 7 78D
Methicrine-CVWH, ., ., ... 1.65 472 arm
Forame-C ..., . . 0 ! 17 _ TR
Berine 3-Co_ .. ., 1.57 | 2313 [ 21530

—_—

* Three rata in each group,

hanced in the absenco of vitnmin By, giving rise to an incronsed apecifis
aetivity in allantoin. ) '
_ BUMMARY
© The role of vitamin By in aucleie acid bicsynthesiz has been studis]
by the use of verious labelad nuclsir acid pracumoms. The results chiained
* show that vitamin B, is not directly involved in the ayntheais of puring:
and pyrimidines from l-carbon precursors such as formaldehyde, formatr,
glycine, merine, and methionine. Studies with C¥-glucose also indicut -
that it ia invelved ncither in the sonversion of gluconn to rihose or deony-
ribase nor in the incorporation of these pontoses inte migleic Bcids.
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VI RELATION OF VITAMIN By TO-AMINO ACID ACTIVATION

- BupEEPAD K. Waalz, Bavsay M-Eym, anp B. {uowvon Jonxeon

Depariment of Animal Seience, University of Illineis, Urbana, Ilineig

{Received for publication, March 17, 1958)

PO - E . .

+ It hns been reported {1-8) from this laboratory that vitamin
"By lonctiona sn vieo and {4 nire in the incorporation of aming
mids into protein. There wius observed g redustion in the in-

wrparslicn of Amino nelds into protein in vitanin 13,rdeficicnt -

piee and rats $ wio ed compared $0 pormal Animals (3).  Simd-
br reduction in the ineurporation of aming ackds wos oheerved
rpon ineilation of liver and apleen homogenates (obtained from
viemin By-dificient mia after the removal of the muclel and
gitochondris} -with sdenosine triphosphate, puancsine triphos-
phate, and fractosd dipbosghote (ATF? GTP, snd FIIP) and
.. CMaming adida (2, 4). Coofirmatory data have recenity been
thtaiged with chicks (82 A study of the distdbution of Co™
hbelod vitnmin Biz sdministered to o rat showwl it to cecor
ptintipally in'the icrosormes and 108,000 % g supernatant frac-
oz (2, 7. In this paper we present dets on the omoeowign
mitfaie fractionation of “pH 5 enzyimes” and an the role of By
ednining ones (50 ta ) per cont ASF} in amine acid incorpore-
" ote proteln, T
w work of Feller sbd Bamecnik (8] hen revealed thet an
-y syster from radb liver ontadyees the incorpomsbon of

i abded aping acids iote protein under anserobic conlitivns.

Thia Eyetem Eﬂl’lﬂiﬂ_k!d of 1he liver fractinns, the soluble ecll fram
tae und the mierosomen to which are added U aming neid, ATP
B en AT regeoersating systein such oa pliphoenol pyruvite

i = pyruvete kinnse, This siwplified system 18 psad in InEDY

. o the etudics reported hore.

EXFERIMENTAL

Production of Dificiency; Ratr—Wennling male rata of the
_ Borague-Duwley strain weighing 30 to 40 gm, were fed od Kbitum
* W wya flour lactose bassl rakion previously described (4).  The
M by wern housed individually in an sir-conditioned roow and
Mictained for & period of 16 to 12 weekn. 'The raks on the
} " Thin work was supporied in part by grontsin-aid from the
_H‘ﬂﬂn:tl ¥ltasin Foundation, New York, sud the U, S, Atomiy
; I“"ﬁf Commission woder Coptrect o, AT{11-11-57.
b Y Part of this wedk wan premontod at the mesting of the Amori-
* 40 Chemtral Boviety, Now Yark, Beptembor B-33, 1057, and part
it max presented at the moeting of the Americnn Hoclaty of
: Mislogical Chemiets, Philadalphio, Ajwil 16-18, 10568 .
i Travelling fehelar of 8. V. Rnfndluyakshe Fozeixn Edueation
1+ Sty {India).
" "The abhirsviations used are: TCA, trichloroscetle seld; ATF,
h moting triphosphate; TP, guanosine triphosphate: FDF,
. Meboee diphosphate; ASF, ammenium sulfste fraction; B,y An-
-‘_,_E"_‘-ﬁﬂint. enilida of thy manogerbexylie eoid of vitamin By,

i
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deficicnt diet grew elowly and developed anemis ax reported
“priviously (4),
. Preparation of Microsomes and pH 5 Enzymey—Approximately
15 gns. of ot liver were homogenized, 5.0 gm, &t 1 time, with 2.5
times their volume of buffered medinm re deseribed previously
{4). The homogenate was centrifuged al 8000 X g for 10 min-
utcs 2t 0°  The supernatand Auid containing the mierosamal
and sulubile fretiony waa removed and centrifuged at 105,000
¢ for 1 heur. The supernatant fluid containing the soluble cell
fractions was decanted for the prepamtion of the pH 5 ensymes.
The microsorial pellets were homogesized with the samae volume
of buffered wwdium and the resuliing homigeaate wos contr-
fuged ngain at 103,000 ® g The microsomes obbained after
the eentrifugntion were homogenized with buferod medivm b
give & miicrogsomul suspension containiog 25 mg. of protein frer
ml. The second washing of the microsomes was required to
retdugs the concentration of the pH & engymes in the mictosomes,
To prejuare pH 5 enzyioes, the supernatant fluid from the first
centrifugation «f 105,000 X g wan diluted with an equal voliune
of untgfered medium-{containing 0.9 s suoross, 0004 M Mgll,y,
and 0.025 1 KCl) and the pIl was carrfully adjusted to 5.2 by
widding & acetic acid drop by drop with conslant atirring. The
solide was kept at 0% during this procedure.  'Fhe precipitate
wus callecled by conteifugation in the cold and weslwd ence by
suspension in unbuffercd medium followed by centrifagation.
The precipitate was then dissolved in buffered medinm {(pH 7.4}
b0 give & solution of the pH 5 enxymes containivg 10 mg. of
protein per ml. The mictoecmes and pl 5 enzymes prepured
in thia way were used io-all the studies reported liere.
Determinativn of Profetn—FProlein concentrations were deter-
wined turbidimetrically with TOA. 0.25 to 2.5 o of protetn
i 5.0 wl, of 5 per ectlt TCA were mised tharoughly and resd
at 540 my in s Teckman spoctrophotometer 30 serunds [mier.
A standard calibration was corried owt with known quantitics
of bavine werym slbumin (erystalline) obtained from Armour and
Co. This methgrd was used in all e protein determinations,
Incorporation Experimendt with pH § Ensymes: Wicrosoms Sys.
feme—For the incorporution of 2-CMalanine into protein the ine
oubukions were curdnd oub ne deseribed in Tuble . The mix-
~tures worg incubaled (umlor 5 per cont 0y in KoY for 7 howr at
5% After the ineabation e proteios wern precipitated with

.. 10 per cent TUA unil were wasled s asanyed far ©U activity
a8 desoribed previously {4),

Diglribution of Co-y; in Liver Froetions—As the previous
studina [2) T indicated thnt over 60 per cent of the vitamin
Hiz was present fu the misrosome plua supernota ot Iractions, the

207
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Tanix I
Acifvity of By-ronfaining Uil 8 cosymea™ gnzyme syelem
Iy ptmtus ol rltl."‘
Enmyze gyrylem B —May,
—
'Ul:km i 'Df 11 D
1. Complete systewef. ...l el 23 '
2. Complete rysten: 4 cvyslalling By w2 [in:}
5. Complete gyaterr +- 2 mg. rbonuclaie
Boid. i 2! 31
. Complelo syatem mivus pH 5 enzyines. .., 26 22

e

. Cpmplete gystem rrimus pH 5 enzymes +

gryatalhine Bu. oo 8 50
&, Complete system minus migrosomes ... 20 I
7. Complete sysleny winus microdolnes -
aryatalbing Baso o covcion oo 21 20
£. Migrouames + pH B enzymes from defi-
cient added to ermal and pormal added
51 e

todefieient .. e

* Torg ruta were weed for ench study and run i doplisate.

t Coamptete aystem contaived 0.3 ml. of microsomes; 0.2 ml. of
pE & engymea; 025 pmole of 2-C%-glaning; 10 pmales of phes-
phoenol pyruvaie; {L02 mg. of pymiveie kinase; 0.3 pmole AT}
and 026 ymole BT, The ineabalion mixturs was made 1.0 ml,
by tha gddition of 0,33 a1 KC1. The incubelion miztura B con-
tained all other componeots 83 in the complele dysten.

gubeeliular By disleibution has been studied further. For this
purpose, 3 pe. of Co¥-vitamin By wan injected into & et in
three doses of 1 go. each &t 8-hour intervals,  Tha rat was killed
8 hours after the lunt injection. The Ever wae mmoved and
tinzaelately chilled st {°, and homogenised with 2.5 times ita
The mictnsomes and pH & engymes
wore prepared a8 descrilsed previonsly exeept that Hie (B e st il
prepusations were 1ol waslid for the second lime before taking
A snmapie for countiog.  Ae & farge amount of netivity was found
to be present in these microsoines, they were further washed

" twice. Theon washings were found tq remove considerably rore

radicactivity, aa can be seen in Table IT.

Ineorporalion of Co®-Bu in pH & Enzyties v Vitro—As vita-
min By was found to be present in pH & cosymes (Table H}
npd Fnee vitamin By sdded to the deficient micragormal super-
prtsut preparations gave marked stimulation of amino acld io-
gorporation into pratein, it appeared (hit such an enzyme systein

Tanle I
Distribetion of Cotv. By in liver fractions
Frartiona Tl e.pm. ';',metn
Whole hondoganabo. . ... ..ot e p2,.08) | .
Muels, oo e 12,350 .,
Mitarhondeia. . o oo re e e 18,720 | -
Microzameas. . B - L1 613
Microaoions {wuhﬂd twma) ............... L 23,160 4
Eu.pemat.u.nt. .............................. 19, 200
pH B Zenzyimes .. oo 14, 20 1,174
" Bupernatant after pH 5.2 enzyme separe-
MO . e e e e e 3,00
Tatal nuelele poids. .o ool Nona

Bz and Protein Biosynthcsis

- BE-1 maodel).

" dlegeribed previonsly.
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might be able Lo ineorporste vitamin Dy into ita funetional aigs
To study this, three inoubations with radicactive B were cgp.
ried out: (1} microsoiies pius supernatant, (2) microsomen alon
and (3) supernntant slong.  In sl the cases, ATE, GTP, an
and tho Co¥-Byy wera added to the incubation mixture. Al -
incubation for 1 hour the rixtercs wers chilied to 0% and sepap.
tion of tntcrosomes and pH B enzymes carcicd oub ga describg,
previously. The froctions oblained wera treated with 1 pe
cent TCA and were washed with hot eleohol and ether, ang
then countod to measire Co%-B., incarporation. The rewy,
are given in Table ITL

Ammonium Sulfote Fracionntion of pif § Enrpmes—2350 gy,
of norma] rat liver obtained fresh from rets kilied by dcrapn.
than wern chilled in iee nid homogenized in 750 ml. of jvergly
buffer mediuin weing & Waring Blendar. Al steps in the.
studice were earried out at 0%, Homogenization was dong 4
full specrd for 1 minute. The homogenste was cenbrifugod oy
15 jninutes at 15000 x g in & refrigerated centrifuge (Beryvg)
The superoatant obtained was passed {hroug,
spveral Tnyers of chegeceloth to retnove fat, The superiudan
thus abtaiim] was then ceolrifuged at 108,000 X g for Y hage,
The micmaomes were discarded and the supernalant wue ngin
pamsed tiwough cheosecloth for removal of residual fat bo v
Hupornatunt I Superaatant I was then adjusted to pIl 5.2y
The precipilate thus obtained after oo
trifumation st 10,000 ¢ g was mdismlwd in 300 ml. of byl
medinn,

Bemenel of Nucleie Aefde—3 mi. of 1 per ce:nt- pmtammc wl-
inta solution were added drop-by drop o 6 constastly stirg
solution. The solution waa allowwd to stand for 1 houwr and
then centrifuped et 10,000 » g for 10 mimttea to- give Super.
patant JI. The precipitate waas disearded.” .

Ammonium Sulfais Fractionaifon 7—To 300 rol, 0' Sup&r:mtmi .
11, solid emmeninm snifate was addad Lo give 20 per cent exturs.
tion,  After 3 hours the precipitate wag removed (to give 01g
20 per cont ammonine $0, Fraction I} and the superoatan
fiuid was brought to 40 per cent sslurudion to give Fraclion I
{20 to 40 per cont saturation). This process wua repeated o
give [metinns presipitated at 60, 80, and 100 per cent eaturation

. Bach fraction wos diesolved in buffer mediom {to eontain 10

“of nuclein neid in this eolution was approximately 5.0 mg. il

rag. /ml. catimated by.turbidity) and dislyzed for 84 hours agsind
1000 ml. of ihe bufier madinm with three changes, Each of the
fractions so obtained waa tested for ite activity i the incorpone
tlon of aming seid into mlerosomsl prntpm The results of this
study are given in Table 1V.

Freparation of Supermafant Nucleic Avidsh lange smayt
of pII 5§ engymes wag precipitated as sbove from the nosef
animal livers. The precipitate was then teated with 0.5 pe
cont NaCl at 50° and the undissolved material was ceanoved bi
contrifugelivn.  The supernatant. faid was cooled to &, ol
previousty cooled (—10% 95 per cont cthanol was added b
precipitate the nucleic acids, The precipitate obtained »*
disroived in oald digtilted waber and dislvzed Tor 24 hetrs againd
distilled walet to remove ety troces of el The conrentrbe

Thiz solution wes stored frozen at 207 and uaed as the soum
of pupernatant nuclcic arids,

IHetribution of Radiosefive-Bedn ASF nf pH & Emymca—--‘“
large wtmount of mdicactivity wra found in pIl 5 enaymes, the)
digtrilmtion of By botween the various ARF of this enzymwme #¥
investigatm!.  For this purpose, 6.0 ye, of Cot-5;; was i.n]k‘ﬂ'd
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" Inoubalion mixture contaiced 1.0 gmoles FDP, 0.5 amole

ATP, and 025 pmele GTP and Co™-Ba (60 ngg.). Fhees walues
are for two rute Tun in duplicate,. Thars wan very good agree-

1

" pest botween replicates. 7 :

e 3 . LI LV . . . . .
in three doses of 3 pe. cach at B hoar intervals into n pormal
Ty gm. rit. ‘The rat wue sherificed 8 hours atber the last injee-
thon, :The, pH § cnzymes were praparsd and fractionatod as
deseribier] previously, - ‘Tha activity of the vatieus ASF is given
nTaRe ¥, - et :

Effect of & Vitamia Biy Axtagonisi en Incorporation of Radie-

efive Amsng Acid intp Microsomal Frotsin—In this etudy, in-

‘poration of radlonctive amino acid inle microsomal protein
.iﬂhﬂhdbyuﬁngﬂlupﬁ_ﬁﬂﬂymp]mthnmimm
mHem in the presonce of a By, aotagenist. In & few of the

. eubstions pH & enzymes were replaced by 20 to 60 per cent

ASF either in the presente or shecoce of Py antagonist and also
tthe presence of 4 mg. of 20 to 60 fraction.  The results of these
Hudicg pre plven in Table VI Btydica om the effect of a DBy
anlzponist on pyTophos; hate exchange are given in Teble V11

o 1.

.. Geplember 1953 5. R. Waple, K. Mehta, ond B. U. Juhnson ' il
Tasne I Fanie ¥
¥ fngorporation of Catt-Byy by encysw preparaiions® I?il!r:'ﬁu!im of rodigactive By in ammonium 56y froctioe:
Hup sinlun of rats - Fractiony Total cp mr:u'runf:;
3 Hin —Bi -
Eazyme prepaabian + .lm*{m)("luwnut,ant_._____........... 85, {0
. e pm oy of cpmfmp of . PH BOIEFIGS. .. i 67,400
protein wolin Axgiivity after nucleis acid sparation... ...} 2,000
WEf | mie | 9ES 0-20 per oent A¥F........................] Hil
E e e | gemed NI | Jemal Eﬂ-wparuntﬁﬂl?. G,800 2150
Microsorass and |up¢-:|_'mt..,nt, -m-—['p{}pa'rq-entAEF,, ﬁl.m 17,250
(18,0 ing. of protein in 5uml.).. | 152 1 112 03 60-80 pet cent ABF . ..o viiiniienen | Nl
Microsomes alpns §100 mg. al ) _B0-100 per cent ABF.......coocoioiinin| Wil
proteio id Sml}.... ..o i - 216
huparnatant. alona (10.0 mE. of : '
protein in Smb).. oo 132 EB REOUTTS AND DISSUBSION

The remulta of the expariments on the activity of the pH b
abyoes from B pdeficiant sad Birpormal rats are summarisad

in Table I. 'Fhese dats dearly show & lower incorporation of

S-(Mplanine Into protein in the in vitre gystem conmating of
mierosomrs + pH 5 snsymen detived from the liver of Bue
deficient rats. As with the cruder misroestne - supernafant
syatom {4) hiore alsa the sddition of vitamin By partislly pestored
the aiming seid ineorporating abitity of the defciect system.
These data again confirm the requitervend for pE § enzymes s
found hy Keller and Zamecelk (8). No ofect of addition of

+ oHteauin By was found on incorporation of alanine by the mier- -

pomes plone or by pH 6 ensymes slone.  Bowever, when micta-
pornea from Birdeficient atimsls were incubated with the
sddition of pH 5 ensymes fe By-pormal soimcls, the jacer-
poration activity wes raised almost o that of the complote
gystem from the dorpwsl spimals. This indicatea that the
corponents sfected by the absence of By from the diet wore
asporiated with pH 5 entymes, As would be expested if this
were the case, the pH 5 enzymes frown the deficient animal were
legz active in incressing the incorporation activity of the norma

s

_ . . Tasre 1Y
" fricorparalian of $-C.alaning indo prafein by micrespme preparalions supplenented with pH F enzymee and ASF
. Bwstemn owed ?;‘m
1. COmpEmtS BYEVEII® - oo\ v\ oo taninrnoeo e n e e SR e 83
2. Comphote systenn Minus MICTOBOGIOR. ... .. ... oooooooorosro o s dirT TSI 32
3. Complote aystem minus PEL B GHEYTRES. ... ooooococoo i s et 21
1. 02 wl. miorosame - {6 mg. porlein acid + 2 mE. ABEF (20 par eent}. oo e |
3. 0.3 ol migroaome -+ (6 mg. nuckein acid + 2 mg. ASF (2040 par €M) ..o e ]
5. 0.3 m), micvaswme + 0.5 mE. vuekeio aoid 4+ 2 mg. ARF (40-80 per ofibh. ... ..oooiaiin e 154
1. 03 ml. miceoenme 4 0.5 mg- nooleio weid + 2 mg. ASF {8-80 per Bl A R ERT IS oK
%, 0.5 1), miorosome 4 0.6 mg. nualeio aeid + 2 mg. ABF (80-100 par cent]. ..o oo iuiiie e a0
%. 0.3 il microsoms 4+ OB g, nutleia naid + 11mg. ASF (2040 per cant) -+ 1 mg. ASF (4060 par cent] ... .. .oa . 216
H. 43 ml, microsome + 0.5 mg. pudisle 20id + 0.4 mE. of each of the BASF. ............. PR 138
1. 0.3 mb. miorcsome + 0.5 mg. nuckeic acid + 1 mg. ASF {020 per cenl] + 1 mg ARBF (B-100 peroept). . .. o.oovvon oot 2%
1. 03 yil. miarpscmse -+ 0.5 mg. nuclein seid + ¥ myg. ABF (0-2) per cont) + Lmg. ASF (6050 per coBb) ... oo 2
W, 0.3 wl. poioromorse + 0.8 mg. nuctic acid + 1 mg. ASF (60-50 per ceut) + } mg. ASF (S0-100 per catit). ..........oo-0 o4
W. 0.3 m}, mierospme + 0.8 o, Bucleio peid + 066 rag. ASF (0-20 per cont; B8] per conl; 80-100 par centd each. ... .. 30
B, 03 nd_ microsomes 4+ 0.5 mg. tuckeia acid + 006 g, ASL (2040 per tent; 40-G0 par cent; G050 per cant] each. . ... 166
W, 0.3 wl. microroms + 0.5 mg. nuoleio scid -+ 0.66 mg. AEF (0-20 par cent; #0-80 per cent; 60-80 per centh ench. ... ..., 108

. ¥ Completa mystem contained 0.3 ml, migronomes, 0.2 ml. pH § enzywes, 0.25 pimole of 2-CY-slanina, 18 pmoles phosphoencl pyru-

ibe, 0.02 mg. pyruvsis

kiknse, 0.25 gmela GTF, 0.5 ymola ATP. The incubutione 4 Lo 16 cantained the sarme amount of 2-CH-alanine,

Phospligenol pyruvate, pyravaie kinsse, ATF, and GTP. The final wolume of the inoubation mixgure was made to 1.0l with 0.15

HHQ, ,
L .
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B2 B“ and Profein Himﬂm?ﬁ:s - Yol 233. NGIE
Tants VI . - BETLENE '
Tncorporation of £-Cr-glonine inte micrpapmnl profein by pH & ansywies and ASF and {tr inhiliiion by M andaponis
P - - -_—
Syutem taed 1 o et

- T,
Completa wyabamm® . ....ooooiea e e tmaemee e o dimareaeeimiEreaa Ay fraaeneea e TN . B

. Complate Byetoms MINTA EUEEDRATOEE .. ..\ oorsrosrrn oo s srrs s i st s nr ot [P ; LT
Cumplobe ayatem miting PH B EDAYIIEE .o ooyo o sirnrrn o snrrs e ners e T 24
Complete apatem ploa anti-Bo {125 S LI LR i areteamiraaeaiaias TR T8
Clomplets syatem phus anti-Bie B0} .o nn s e e e Y k2
8.3 m!. microsome + 0.5 mg. nucleic acid + 1 mg. {2040 per cout; 4080 par vent} ABF 01 PR 214
0.3 ml. mierosome -k 06 mg. nucheic peid + 1 mag. (2040 par cent; 4080 per cant) ASF each + antl-Bu {128 g .00 - "
. 03 ml. mierosome + 06 mg. nucheis acid 4 1 mg. {2040 per cont; 40-8 pev cent) ABF ench + anki-Bu (250 ng.}. ... .. 122

0.5 ml, microgome + 0.5 mg. bucleic neid + 3 mg. ABF (2040 per cant) 4 2 mp. ASF (4000 per gent] + aoti-By (260

BBt me et oSS T T 163

* Complets system eantained 03 m

the nddition of (.15 m ECL

piierosoines as compared to the complete systen from normal
animuls. A reduction in protein synihesis could be obtained by &
deerease in the nucleic acid content of the cell as shown by Gele
snd Folkes (). Huwever, previous wotk (10, 11} haa failed o
jndiente, in the case af the b, shick, or pig, soy effent of ¥itemin
B,, deficicney on the biusynthesia of either liver DNA or RKA
{rom eevernl difforent Inbelad precurssrs.  However, to be orrinin
that the quantity of nuclele acids was not critieal, experiments
were curried oud (sce Taldli I, Line §)in which 2 mg. of the nucleie
grids were mdded to both the normpl end deficient proporations,
Tiut the added nuchse seids canld not restore the ineorparalion
‘of the pmino acid in Birdeficient animals indicated p direct
requirement of Byz for protein synthesiy rather than indirectly
through an effect on eucleic avid aynthesis.

Dobiel (1) working with Becherichin colf 113-3 yeguiring
vitaniin B hes ptedied the formation of fgalactosidase.  lie
" observed a d-fuld irorease in the f-golactosidase selivity in the

Tarie V11

Incorperation of Ptdabeled pyrophosphate ints ATP by (40 to 60
" ger cant ASF of gl § anzymes grd ila enhibiifon by anli-Tha

Total counts
Bystent TR
£, .
Cowmplate pystam* with pH benzymes.. . ...ooooi-a- B4
Camoplete gyatem with pH 5§ encyines <+ anti-Bi,
171 - L REEE R LR R L LR kR
Complete systam + excess pH 5 enxyms 4 mg.) +
anti-Pyy (250 BE-] i e 480
Cosnplete aystem with ABF (40-80 per cend}l ... ... 1l
Comnlete sytam with ABF (#4000 per cent) + Anti-
Buy (250 BB Y <o momeiarne e v B
Complete system with AST {4060 par eont excesn, 4| "
mg.} + anti-Byy 1230 BB e 570

* Complate systcm contained 5 mg. of pIl § eneymes or 2 mg.
of 40 to 80 per cent ABF; NI pmmnles of trie{hydrexymetlyl)-
arinomothane 7.6; 5 pmolas ATP; 1 gmole of pyrophosphate ae-
tiviey {PT4) plI 7.6 contaloing 2K,000 c.p.m-; 2 winoled of MgOls;
0.25 pmgle of alanine made to 1 ml. with .15 KCL  Ani-Ba.
wud nedded s anilids of the monocarhoxylie acid pil 7.6,

Fl

|. migroaomnl preparation, ¢.2 ml.
pyruvate, 002 mg. prruvate kinage, 0.5 poole ATF, snd $.25 grole GTE.
glunine, phosphoenol pyruvats, pyiuvate kipase, ATY, aud GTY. The fina

pH 5 enzymes, 023 gmole 5-Cplanine, 10 wmoles phmm
Tha ipeubations 6 to @ contained the rame amourl of 2.0u,
1 volume of the inoubation mixtare was made 10 . by

presence of vitsmin Dis. Besed on these results he proposs
the following hypothesis: :

Substrate B
Ensyme—f o Empyme £2— Inactive Encyme
1
Amino Arvide

Thess rasulte Ao pmbn\;.rl_v hetter sxplained by the hy puﬂ;.m.z

that vitamin Bua functions in' protein synthesis (Bozyms B
Amino Acids) yather than in the conversion of the insetivy
engyme to the dctive form. -7 o, A

The deta in Table 11 oo the subcliular distribution of mdie-
detive vitamin By, in liver indicate that whereas there i e
gidoralle smount of the vitamin in each feachion the roneentr.
tions are highest in the misrosomes spd supernatant. Ther
also indieate that et least eome of the sctivity in ihe mivrooones
i3 readily removed by weshing so thut the superpatant B,
fact, the chief site, The remaloing radinnctivity in the mise-
gomes could not ba washed out by hot TCA, slechol, or wale,
por could it be dinlyzed off.  In the supetnatant Guid practieslly
all of the B.. is precipitated with the pli b enzymes.

The ir vitro incorparation of Co®-By, into microsomes and
pH 5 enzymes (Table 11T) ghows that a large ameunt of mdis
activity i incorporated into these fractions.  This atudy demoe- |
strates that this ensyme system s sble to incarporste vitapin |
Bz into its functional site. However, much less radioactivity
i8 incorporated in sitro than in the whole animal. .

The studics cartied out on the activity of ASF of the pH i
engymes for Lbe incorpotation of gming Leids into proteins am
ghown in Table TV. It can be seen that nucleis aeids, snd the
ASF 20 1o 40 and 40 to 60 per ¢ent are shaolutely esautia} for
the incorporation of alnnine into protein. An inereRst L
ingorporating activity of & little over 2-fold was obtained whis
) 4o 80 per cent ASF replaced erude pH 5 enzymcs,  The i
o0 gl 60 to 100 poe reat ASK were innctive, Trom the ineresed
incorporation per mg. of enzyue ugcd, 8 2fold purificatisa
the pupernatont enzymes newlol for aming acid incorpomtic:
was obtained 1y the anunonium sulfate fractionutwn. Thog
fractions are serainly not pure sud presumably contain sevend
ensymes from the pIl 3 precipitate, pussibly e different By

-
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s for cath nming acid. In the present expurinents,
Jaaine only was used, but previous work {#) hnd shown Bu
phe involved alwo in the ineorporation of phenylalanioe and

o .

The partially prarified enIyTOEs nhtaieed by ammeniom autiate
paclionation may be gimilar to the highly puritied tryplaphat
tivaling onsyIne gbtained by Devie & al. {13} from beel pan-
non. 1t is probable that tha 20 to 40 sod 40 to 6} per cent
43F of the pH § enzied contain roany diflerent enEyInos aeti-
ving different individual nriing ackla.

The dmtribmition of the radiaaetive Py of the eupernatant pll &
pirymes among the yarious ASF is given in Tably Y. Itcan
we ween that the radioactivity is entinely in thoee fractions which
v requizedd for semino ard incorporation (Table VY, mosl of
i Co®-Thye sppearing in the 4010 & per cent fraction.

gmith of al. (14} hsve prepared & murabet of substituted
arbosaraide derivetives of vitamin By which have shown B
snlagriisme o banterin, Ont of thesr, the: anilide of the momd-
arboxylic acid, hea boco nsed in the inhibition sudies reported
jre, 4 can be seen from: Paite ¥1 that this rompeund mark-
afiy inhitrits the inrorporation of the aming acidt slanine mto
peotein by the mierosonts -+ pH 3 enzyme system (Experiment
1 wctyize 4 mnd 5) wod slss by the microsome + 20 to 40 and 40 12
W per ool ASTF of thy pH & cnaymmes (Expetiment B wersay 7
wd &), 1t gan also be scen {Experiment & reraus 9) that dou-
Wing the amount of 30 to 40 and 40 1o B0 per cent AST of the
#t 5 enpymen (the D part) pevorees this inhibition. This

s po Rtrongly Eupport the previous experimenta indicating

iract role of vitamin By, in amio avid incorparation into
-ubeia,

An important sdvance T the understanding of the mechanism
o protein Eymithesis was dhe finding by Hoagland e ol (15, 16
of 3 ATP amion acid activation step Tinked with pyrophosphate
woharge, DeMozs and Nevelll (17] have alm demonstrated
xch s pmine arid actvating eysten in mieroorgani-me, I
Wpearw] conecivable that By might funclion in thiz Jnikil
sciration gtep in view of ita presenue in ihe serive part of the
P 5 enaymes,  Smith (18) has suggrested that the Inbibe amide
praupm of the Bre rolecule aro the fanctional wite and the uxperi-
aeche already cited indicate that the changing of these groups
wmlts in an entagomist which irhibite pur enzyme syslemn.
I i proposed then that vitapuin Bas might serve via the car=
Magnide groups for transfer of the smion ecid from ATP to
apermatant BENA. Vrelimipary studiez with CMglanine, ATP
vid (e 20 4o 60 per cent ASF indivate the formation of bound
Winn grid. Further purification of the By enzymed i3 fn

- Prugress and it is hoped that this will further elueidate the path-

¥y and tole of Bu iu suine activation. 1t is pothaps relevant
ere o pober to e gnayoe eeently found io liver whivli cataly2ee
th_l eschuuge of Bmuponis from protein amide groufs with
diphatis sodnes inelud'ng the esmino group of Jysine (18}
Anrtlior approach to the study of the sitg of action of Bu
e provcin aynithesia was the o of Fclubelid py rophosphate and
“b&:l sty of ite sachasge with ATP iu the presenee of AT
Ml gl the “Byy ensyme’’ pact of the pHl 5 enzymors.  1n these

“Eoperimpnta alwo the efect ol the la notagonish woe eberrved.

B R. Wagle, R. Mehlo, end B. ¢!, Johneen

- addition of mom Bpreontalmog enzymes.

© 2919
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The resubts given in Table VIl show that ihis eschangs E
calalyzed by the crude P enzymes aud is markedly inhibited
by the antagonist and that thio fnhibition i= reversible by the
These experiments
suggest o activation reaciinn for aming acids as:
™

By eniyme
aminn acids -+ ATP Lty

s —— - —

o aming seids 4 pyrophosphate activity (')

The ole of vitamin B i the meghansm of this petivation
reaction & being studied aml will be yeported subscquently.

ETMOATARY

1. The incorporation of amine arida inte protein in oitre hes
heen studicd within the systein prepared from microenmes niod
the “pH 5 enzyme” {raction of rat Tiver.

4 A reduced incorporstion of aming seid inte protein wob
gbecrved in pH b enzyme microsomal preparationa obtained
from spimals deficient in vitamin D This reduction could
be partislly evercome by the addition of crystaliine By and
completely by the additicn of pil & enzyroe preparation from
B, ool enimals.

9. A majot portion of the T activity was [ound in the pH &
ey fraction prepared from the liver of & nornal kst injected
with Co*-Bi:. .

4. Tyeubation of radijgactive Do with {he pH 5 cozyme-
mierosome system hewed that & targe smount of By B incor-
porated 0 vitro ioto micrpagmes sl inte pH 5 enzymes.

5. Ammooium sulista fractionation of the pit 5 enxyce Pref-
mration Yed to & 2-fold ipuresse of amino scid meorporation
into protein. : .

6. A larpe amonet of rediosctive Hia was found ie the 40 to
£ per cent ARIMODIUT sullsin fraction aml & smaller amonnt
in the 20 to 40 pet ceut fraclion when thesa fraciions were
ghtained frem pIl b epzymicd jsalsted from the liver of & mt
given Co™-lhe

7. 40 per cent inhibitin of the incurporstion of amino acid
wisz olitaimed when ol antagomiet was sdded to the pH 5
pLEyING TLETOSOMmE By SIET. Thie inhibition rould be partially
restored by the addition of excess pil & enzymes and I most
completely by the addition of 20 to 40 snd 40 to 60 per cent
ammonpium sulinte fractions {Fbyx eREFIOE fraction of pH &
enzytne).

& The 40 to 60 per cent arpmopinm snifate fmrtiol eneyme
v Bhie [0 incoTporats pyrophazphate activity {FPY) inte
pdcnusine triphoephate when incubnted with adegwrsine triphoss
phates, aming aciils, enzymue, aid prrophosphate wctivity (FF&).
Thiz exchange could be inhibited] by the sddition of the B
antagonisk.

A ek nouwledgmenia—¥e an grateful to Dr. Charles Rosenblum
of BMerek and Co. fur tie generous giit of Cot-De 10 In. B C.
Gusatuz for plosphoenel pyruvake and pyTavie kipaes, to
ir. Lester Hmith of Claxg Taluratoris. Foglsod, fur auti-Pe
comprinily, Dir. %. Spiegelon ot Mlabeled prrophesphate,
and ty Armour aad Co. for crvstalline bovine serim albamsin.
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VITAMIN B,, AND RELATED COMPOUNDS!

Ii¥ Fritz Wacner

Lehrstuhd fiir Biothemir und Biotecknotapie dor Tocknisehen Hochackls Stuttpars,
Stufigart, Germany

This review attempts tn enalyze curtent and recent fteratyre on the
chemistry and biochemistry of viramin By: and related derivatives. After a
brief introdyction, the biogenesis, microbiclogical degradation and chemistry
of these componnda and their role in enxymiatic reactions are dizcussed. In re.
eent years several reviews | I~14) have ajpeared whick provide an excellent
ateaunt of the hrogder aspects of vitamin By,

IsTRODUCTION

Research in 1he field of vitamin R.: has beea in a stete of continiaus and
rapid development ever since Lhis compound was isclated in 1948 (15, 16, 17).
These studies culminated in the elucidation of the stracture pf cranccobals-
min (Figure §, [.=CN and F=H) by Hodgkin and co-workers (1, 18, 193
and in the recent discovery (20} of a cobalt-carhon bond in the structure of
ahe of Barker's By: coenzymes {Figure 1, L=5%.deoxvadenouyl and R = H),
The feclation of the coenzynie forms of vitamin By and it derivatives by

Barker and hig group (21, 32, 23) started 2 new phase in the upderstanding of -

the role of vitamin Bz eompounds in metabolism,
The elueidation of the structures of CN-Byy and 5*-deﬂ:}radencsyl-ﬂ..

vobalt-carbon bood,

1 the corrinnid Lipand syzlem {corrin nucleus and cobalt atom) the cep- .

tral roball atom s vnusuaily stable. The robalt atom does not exchaoge in
the Co'? ar Co™t arnte {24) or in the CoM.corrinoids under the conditions far
the synthesis of coenzyime forms (25). The corrin nudeys in CN-B; 2nd 5~
deoxvadenosy!-B,, is nonplanar (36), but more nearly planar {26} in the two

tum (28). These variations seem to depend on the substituents oo the fifth
{"lower') and sixth ("upper) coordination sjde of the cobalt atom. The two
sices of the corrin nucteus in all the natbral rorringids are sipnificantly differ-
¢ut, both in the goometrical distribytion af the substitucat groups and eHpe-

' The survey of liter:ature Fertaining to this review wak concluded in Avgunt [543,
““The following abbreviations will be wsed: CN-By, for a-(3,6-dimethylbengimid-
arolyl)-eyzneeokamide: OH-D,; for ml{s.ﬁ—dirncth}*lbemimidazn!yl}-aq wofhydrozn)
cobaride; ' -deoxyadencayl-By for a-{5,ﬁ-dimnthy1bemimidam[yi}d'—dmmdm
syicobamide; niethyls By for -5, 6-c] Lmuthylbeuzimiduolyl}-mth}r] {atkyljenbanide;
B {or 2 one-elnctron reduced form of OH-By; having cobalt in 2 valence state of 73

Bus for 3 two-elecicon meduced form of OH-8,, containing monovalent cobalt; corr-

ntéd, at 2 genera] pace for compottnds contmining the rerein nuclams,
405

" vorrincida: cobyric acid (27} znd S-aminocobyrinic acid-clac-

2921
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HOCH,

Fig, 1. Structures of colmlamise

' cialtyin the reactivity of the cobalt atom at the wpper aad Iuwwuﬁ-ﬁ;
. positions (26, 29}, Stadies of the nlmicmmdm.ﬂ lnhr
muleeutar orbizal method indicated that the corrinold ligand sywiem shmuld
he a electran acceptor (30F. - .

Tmmmd' striking feature of the corrinoid coenyymes is the m:
2 oobalt-carbon bond. Jt is the fivot case of an g . oy
living systems. From the magnitude of the sngle formed by Colof—Ly 1o

5 denaradenosyl-Byy, Lenhert & Hodgkin (20) conduded chat this gobalt-

Ske

i : . i . 3

VITAMEN Bu AND RELATED COMPOUNDS Y

oehos bond hae & pastinl innic charavter. Compiarstions of the remarknlile
diiaresess in the speitre (3i-34) and in the polarographic behavior (3s,
36} of cosrinoida with carbou ligands sughest that changes in tihe Inductive
chusicir o (e oerbow Bgand cous closmgios in sbectyon densxity of the cerrin
adpcieus Theas indevactons batwers. auial fageeds and the conjugated oorri-
noid ligasd system have been proposed to rewult from a perpeadicular conju-
gatioa (34).

Thm&mmmwnﬁuduwudmundiud
the chemical and hinchamical aspecta of the corrinoid system. The elegant
syathesis oi peotamaphyl sorrin which Wl 80 such a model has been de-
scrbed by Ewhenmoser (37). Chentical aod physicat investigations on this
model would be of great iatareet for further knowledge of vitamin 5,4,

_ BrocEnERE oF Conpiwoirs
Tt corrin mossty.—Vitamin By in wrigus among the vitamine in being

" syothesised prodably only by micoorgasisme (14, 38, 399, An apparent ex-

ceptioa ta this smatiment was the Gnding [Waofley (40, 41, £23] by indirect
evidenre 1hat vitamin By in synthesised by spoataneous MAMmAry tHmetry
in mice. Aceording to mare recent observatioes, rabiits and mice syntbesise
vitamin Big de weve lor their own oeeds {433, _

- tavestigations pemcarning the isosyntivesis of the vitamin H.; moleenle
have shown that the covein mciniy s syathmiesd from the koown précursors
of povplryring (M4, 45, 66, Thes sxpariovents ioticated that CWolabeiled gly-
ins, Samiaslevelisic siid sid parphabilisegm we incorportted into vit.
mia By by baciesisl culbure. Brmy & Shamin (47, 48) demomtrated with
CrmothyHubilled methionine that six of the sight methyl groups areyed
by & mechanksa of C-alkylation, s pastulsted by Bowsett et al, (49). Oma of

. the two gew sothy] groupe ve ring C at C-17 arines by decarhoxylation of an

aopitc acid residei arginally peoment (48, 50). Finalle, it appears aiso that the
methyl group on ring A st C-1 i devived, Jike the swro carbans, from the §-
Girhan of §-aminnlevulinic acid (48, 50). The ssmmymption of Bukin et-od. {51,
$3) ihas mathylated desivetives of é-sminolevelinic acid tre true precarsors
of the corrin structiie doss Ret agres with the shove mentioned results, For

e exiperiments (48) the labelled vitamin Boa was synthesized with the

13033). 14 in molrwarthy:thay thoos irmeatusiony with radivactive precwn

vied] oRty the calyyrinit achd patk of vitamin B Bykhovekii, Zaitsews &
Mantrovs (58) raporsad thas resting culls of Prapionibacierinm tharmewii
ciiald wtilize §-asmivolevulinic aeid for binsyntheih of vitsmin Bs.

sirementionsd pracaryomn with grewiag coftires of an artinomyces {(ATCC

. _Machaoisuns have baéd adyansed to explain the farmation of bath tro-

porphprisogen [H sad confepids frei parphobliinegen (54, 53,:56). The
Shinge 2ct whirch: morkhyintion agel duspcbouyintion of the acetic acid group at

T G-oaon i A Tnspenss. O U6 gobitiiin of the methyl groups i vite-
Bis. Bus, Hodghin (16} amiwind ihst methyludon takes place beiore ring
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cioaure. [ is possitle that incorporation of fhe cobutt atemn votuen into an
open chain ferm and that the coordinated cobalt xbom fuvored the rimg tlo-
gure betwesn ring A and D. The cobalt-free macrocycls has nat yet heen ob-
served. Porma & Ross (87} studied the enzymatic formation of cobalt por-
phyrinsby extractacf Clostridinm impanomor . T stivors mugyestml that
2 epecihe enzyme. mubalt-porphyrin-syothase, catabyses tha incorporation of
o into tecrapyTrome mpments dasing biogenesis of vitarde Bag.

From cobyrinic ecid la cobinguide—The first part of the biopanesia of
corrinoids can be considered complete with the formation of cobyriabe achl,
Cylitures of Propictiibacterinm shermands, grown in the peesenes of cobalt but
without the precuseor 5,5 dimethyFeyrimidassle, produce maduly cobin-
amide with lesser quantities of cobinic scid mane- to peatasards and tlbyy-
rinie acid di- to hexaamide, lnclnding cobrric acid {58, 59}, Cobyrie acd {o0-
hyrinic acid-phedeg-hexakemide) was atwo spintpd from digeasad sewagt wiudge
(60, 61) and obtained rrystatiine form (27} 5 Diroxvad enoay]-obyyic acid
was found in a mutant of Naocordia rugess (§3), in P. shormonii (63, 64}
and recently in Clostridivm thermosgeticum, where it constitates about 58 per
cent of the corrineid content (65). OF the grentest interest in the preseace in
. ¢l thermoaceticum of methyleobytic acid and possibly also of the carboxy-
methylechyric acid {65, 66). Ht seenm thet thie aheve-muniioced colryrinic
acid sod cobinic acid derfvatives are intarsnodistes in the biceynthasls of
vitamin Bu by P. shermondil (5, 9, 58, 50, &7, 68, &), by N. regoss mytaats
[(7e, 74, 12, by Hethamohneitlns smelianskid t18), st by €, thermancalicnm
(5). DiMareo et al. {70, 71} have fnclated mutawts of N. rugors srme of
which introduce the amide groun and others the smiiaspeopandl groop Esch
vutant accumulates 2 different precurser of vitamin By, indicating & mads-
bolic Hock at different stages in biosynthesis of the vitamin.

Rerohauer et al. (54) first isalated cobyrinic acid amd cobyriaic acd mono-
amide beside 3 smal! amount of cob#nic acid in studics 08 VEry young goowing
cultures of P. shermonéi, The resnlts obtained at different stages of growth
are presented in Figure 3 (64). The reasidation method (74) wan ueed B0
distinguish hetween the cobyrinie acid and cobinic ncid derivatives. The
former derivatives wers converted by this method to cobytamide nad the
\atter to cobinamide, Experiments with cell {eee sxtracts of P, hermawii dem-

onstrated that eobyrinic acld, cobyrinic arid monoambde and cobimic acd .

tpradused by acid hydralysis of vitamin By or cobinamide (64, 74)] cannot
e convertml into Lhe coenzyme forms, wherenn the ather seid dexivatives
yield 1he coenzyme forms (64). At present it is not poasible to say which are
ihe naturat forms of the cobyrinic acid, cobryrinic arid mowoamide, and cobi-
micacid. Tavestigations by Friedrich ($%)saggest tirat coryvisic achd triaméde,
cobyrinic acld tetranmide and cobyrinic acid pentanmide— prepared by acid
hydeolysis of cobyric acid and ohteined in crystaliine form-—were amidated
very rapidly by growing cultures of P. shermanii, with accmnylation of co-
byric acid. Laclobaedlins Leichmanii and Ruplena pracilis posstsl eniyOhes the
amidate the {ree propionic acid groups in the corrinaids {51). :

521

i

_Muod. %,5.DMBETA-enbamlc
NH; \\ ﬂm |¥=
Cobyrinit scid Cobule azid Nwel. A-cobamic
pentiumide tatraxmids. * scld tatrmamide
5% 7 2% H '
: IPA - ]
Custryrie achd Cobinie: metd Nacl. 56 DMBIA-cobamic
W —— sentaamide
\K ﬂ{!ﬂ%}
Cobinamide —_ witumis By

Fic. 2. Suppamd pathway of the biogenesis of vitamin By
= mituin puthway

) thar et of Projdomeeteriun shermarii
- —emmide puthway

IPA=iocorperation of the loprepaaammine graup
NHv-?midnﬁnnimuﬂnxjrﬁcuﬂm -
Hocl, =incorporation of e suciestide witheut considering the el patireny

¥ o ek oty bk

In view of these resulte and of other considerations it iy i poatu-
httl_Hl:l}'_nﬂn& pathway from vobyrinic acd to :ﬁﬂ?&mrm ).
mm:pmmwwmmmﬁummt
mm@ﬁmhwﬂhm.mmmﬂummﬁ

ummMHWHMfaﬂhmfwthefmmutiﬂnﬂ{thtw-
enzyme farms if che indicated wquence of amidation on the cobinic acid
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Fic. 1, Examples for the partial lﬁ"l‘!:hﬂk of varions
alkyl derfvatives of vitamin By

 main pethway and the sipplementary cobyrinic trinmide pathway are fol-

towed. The next steps are the incorporation of the aminopropanci group in
pusition f and amidation of the aretic acld groups jn a n.m! g reaulting in the
cobinic acid-sp-triamide. Further reactions are the mmdaﬂu_n of the free
propionic acid groups, predominant is the sequesced, b, aad ¢, yislding Gaally
cobinamide. At these Tast amidation steps, # nueleotide or 2 part of x wpcen-

Ede can be introduced into these cobimic acid dervatives, b2 shown by the

12%¥2
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VITAMIN B, AND RELATED COMPOUNDS FTTY

appesrsoce of the corraponding o {5 fdinrethyibenl il yl)-cobemic
stbks, st then amidwied to vitamin By;. The sminopropasol groap of vita-
mdn Byy ia derived from L-threomine (73). Escherichkiz codi 1133 and P.
swremanii wem e afisct decarborylatinn prioe to intorporaton of thraonies
imte cobvyric mcid {76, 17). The lncacpopation of astinapropasol asd complete
niwidntion fesds 1o cobingmide which b the mowt common intermedinte in
the biogeseais of cobanudes (aee reviews 9, 12, 14},

Brispraesiy of the nucleatide part—1In cortinotd-prodacing microorganisms
there have bosn found some compounds which are prabably intermedintes
aleng the route fren cobdneetdée o vitamin By (see reviews 9, 123, Barchielll
o ud (F8) bave dwadated foomr cwltases of N, repess cobinamide phosphate
(cobinamide-FP) and Pi-colinpmide-Ps-guancsine dipbosphate (cobinamide-
PPG). Baversud-lubcling sspovimosts with (2F-phoenbais (79) indicate
thert tie plemplopts gronp of oolbieodide P omd the cobimamide-P modety of
eobinamide-PPG betome invorporated rte vitsmin By; by growing cultures
of N, rugase. Experiments in the prosence of 5.6 dimethylbendmidazole o
1-or-D-ritund pranoayl-5, Gdimethyihen simidesale {a-ritaxole) and [YCjlriboss

suggested that the oe-ribazole is incorporated as such into vitamin B by this .

microcrganism {80). From these data it was concluded that the cobinamide-P

and cobinamide- PG are intermediates, and the scheme below has beeo sug-

geated for the biosynihesia of vitamin Big:

Cobinamide + ATF — Cobitamide P 4 ADP
Cobinamide-F 4 OTF — Cabinamide PPG 4+ PPy
Cobbnimricte- P10 4 w-Ribsazobe —+ Vitassn By, 4 GMP

. The replacement of GMP in this reaction may be similar to the formation of -

phosphatides {81). :

in coltures witheut 5,6-dimethylbenzimidazole, P. skermanii produces
coiinamide-F {§i), cobinamide-PPG {64, 42} and, in edditon to these, co-
binicacid -wbedy-pentaamide phosphateand Py-cobinicacid-abody-pentanmide-
Pyguanmmine-diplosphate (64). Al these compounds geted as precorsors of
vitamin By ine this microorgamsren, Utlizatdon of [WPLcobinamide-F has
shown that it i3 translerved into [BP)-vitamin By by growiog P. thermanii
(£3). The lubeiled cobisamide-F was synthesized by condensing natfyral co-
binamide with |°F]g-cyanoethylibosphate and N,N’-dicyclohexylcarbodi-
imide wielding [FI'}f-cyanoethyicobinamide phosphate, which gave P2P-
tohinamide P upon alkaline hydrolysia (83, 84). Cobinamide FPG and Pi-
cobinaimide-Pradenosine diphosphate (cobinamide FPA) was syothesized
by starting with cobinamide-P {85). Cell-free extracts from P, shermanii con-
verted cobinamide, cobinamide-P, cobinamide-PPG, cobinamide-FPA, and
cobiramide-phosphoribose in the presence of the precursors 3,6-dimethyl-
benzrimidazale, a-rihapole, ar o-tibazole-¥-phosphate inte vitamin B,; coen-
zyme in nearly the same yield (33),

Friedmaan & Harric (86, 87) abtaleed evidence for an enzyme In P, sker-
sqmii which cacelyzes 8 reacton between §, 6-dimethylbenzimidarale (5,6
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T*MBIA) and sicotinie acid mosonacieatide (M MN*} 1 {orm -IM-
& _phosphats, The latter product in readily dephosphorylated by sa endaog-
enout phosphatase:

EADMBIA L AR MN* — o-rilisaaln 5" F nicotingte 4+ Mn-riwacly-¥-¥ + HO
cmp geritmcmde 4 F,

Tt was shown that a dmilar reecticn akes place with a number of $-sobati-
tuied benzimidazales, but ast with I-methylbenzimidarcle, However, the
n-configuration of the resulting nucheodidion has bean depmonntrated suty for
pucheosides of 5,6-dimethylbenzimidarole ond bemsimidazole (#8}. The en-
#yme reacts aa & single displacement trans-N-glycosidase in the {ormation of
an Np-glyeosdic bond. The role of this ensymie in guided hicaynehesis of vi-
tamin-5.» analogues was discussed (88},

Stydier of Rernhauer and eo-warkers on the biosynathesis of vitamio By
by a wild-type of E. coff {89, 90} and with P. skerwanii (#1) have auggested
the loflowing sequence of reactions {see review 59):

eF= +5,5 DMBIA
' Cehinamitephopphorfbos-1'-phowphats ————-— vitnzin B + Py

Thiz hypothests agree with the kndings thet cobbasmnide-phospbivibon: s
be unilized by E. coli for vitsmin Byy synthesis; that 3,6-dimethytbensimida-
zole is more efficiefitly otitized in the converdon of cobinemide to vitamin
By than eithier a-ribazole or oribazdie-3-phosphmre, amd, finadly, thae
P. shermanii euitures aie shie t6 oconvert the purine- aod the bensimidasole
cobamides to vitamin B when they are incubated in the provence of 5,6 di-
methylbenzimidnzole. However, further stodies by Reaz (92) oo the latter
-point have shown that the nucleosides in these compounds are apparently re-
‘placed by preformed aeribazole. [FF|-Adenylcobanide is eransformed by
P skermansi into [R2)-vitamin Byyin the presence of 5.6-dimethylbeazimida-
aule. The vitamin By formed fram [UC]-bennimidazotyl-cobamide, syntbe-
gired from cobinamide, benzimidazole, and u-[*C]-D-glucose using F. ther-
- mgmi, was not radicactive, :

The rates of growth of E. e 113-3 obtained in the presencs of supposed
intermediates in Byxbiosynthesis are summarized in Table 1 {33). The data

obtained by the investigations with N. ragosz, P. shermawdi, amd K. coli

133-3 suggest that cobinamide P and a-ribazale are intermediates in the bio-
synthesis of vitamin By and probably of its base analogues. It cranct yet be
decided whether cobinamide-PPG is an immediate precarsor of the cobarmides
- in ¥, rugesz and P. shermanii. In E. ol 113.3 it seerns likely chat cobie-
aptide-PPG and cobinamide-phospharibose are depots rather than true
intermediates.
Some ideas on the bincgnthesis of the bensimidazole motety in vitamin
Bz heve heen published {59},
Biosyntheses of 5'-deoxyodenssylcorrinside.—The enzymatic conwersion of
CK-B.sor OH-B s to 5-dearyadenosyl- 1, takes place in celi-free syyieos de-
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TABLE I
Brosocucsy. Acrivrty or Commuvoits rom B colv 113-3 (ATCC 0637
T — —————— - e —— = ——
Tirmne of incubation in hoars
Corrinoid tawted*
1 16 1 H
CH-Bn L} 160 100
ol mprininler 2 £2 |
Cobiramide-F L 13 i
ColpimnerideP PG : 33 41 i
Cobinamide-PFA k-] 4+ L
Crobingmidephnsphoribose 43 61 ]

* Maxiwrom activity i indicated by 100,

rived from P, shermanii {93, 94) and L1, telonomor phem (953-98). The enyyme
wyetem roquires ATP, NADH, FAD, redweed giatuthione or mercaptocthanol.
A purified enzyme preparatiom, which had beent enriched 337 Smes, had a re-
quirement for ATF, NADH, FAL, ceduced glgtathione, 3 n* and K¥ (04).
Studies with pailormly labeiled MC-ATE have showz that ATE pervesaza
subwirate, mansferiag a Vdeoxyndenoayl moigry iz order to form ¥ -deoxy-
adenoayt-By, (95). Remarkable in this resetion is the voique déavape of ATP
revuiting in the formation of inorganic tripolyphosphate (93, 99). However,
the chemicat natare of the 5 -feaxyadenosy] mojety is oekrown. Studies on
the release @ cyanide from CTN-Bys and thbe specival changes duriog the en-
wymatic iyutheas of 5'-devxyadencayl-B) - have indicated thats reduced form
of vitamia B,y is not an obligatory intermediate in the syntheais itselF (97).
B can serve us s substrate, byt there isarill a requirement for raducing aypemts
{98}, From these resnits, Peterkofsicy & Weisshach {99) have coircluded thae
the eonversion of CH-Bix to $'decxyadenonyt-B, s ooours in a siegle comesrted
reaction in which the bawed cyanide anion is replaced by the adenosyl moiety
of ATP. The tranger reaction reqyirss two electrons and tabes the foliswing
COUrpE:

?N 2 5'—?mrrlﬂmyl
Col® - ATF —— (—[{o}* 4 CN- & PFP
I:[Ip}' R_SE[{T 1+ +
: K>

Experiments with the 5'-desxyadenosyl-Biysynthesizing system from (3,
tetaxomerihum indicated a3 stepwise mechanism in which By i the resctant
with ATP (100).

OHBy—Bo—+Bny .
B + ATF —+ 5 daszysdencay]-Bn

For the overall renction NADH and FAD could serve os redoctants; how-
ever, reduced lipoic acid was & much better roductant. Evidence for the step-
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wise reaction was provided by the reaction of chemically prapared Py witha
parified adenomdating ensyrae: this enryms ham fost fte abitity 1 syntiesive
5. deaxyad ennuyl-Byy from OH-Byz, bat net to tracsler the sdenowyl group of
ATP tar B s Weissimach, Brot & Lovenberg (101) presanted svidemes that re-
Auoed [erredods (107, 103) can mediate reduction of cobamigs eeeapoands
aid fupctions in the enzymatic conversion of CN-By; into 5§ deoxysdesowy]-
By The reducrion of CN-Bas by reduced ferradoxin seerned to shoer NOS-
enrymatically: the reseiting reduced corrinnid reacts sitha with methyl
indide to produce methyl-Bigor, in the presence of wienoeyl sywihetise from
€L, tetanaporphun, with ATP to yield 5*_deoxyadenosyl-By. These reactions
are summarized below.

reduced
UN-BpiCot*) — B {Col*)
ferredesin

sedwoed
teyredoxin
Methyl-Ba Fm(_':ﬁ"]
" adenaiyt
'_’"TP wytat hatase
4" dequyndenoayl-Ba .

Between pH T and 11, B, decoraposes water to yield hydeopen and Hy, {104).
© However, in the presente of an electrophilic agent it is pomsiblz te atkylate the
* By 84 it is Tormed in this equilibrium, a fact which provides & veefu] way to

ditect the transient formution of B, and was earfier demoantratad by mon-
- wmrymatic transfer reactions {9, 103, 104) and by enzrymatic stodies (107).

There is increasing svidence that two electron reduced awrinoids are the
artive sirhstrates Tor the hipgenesis of the cobatt-carbon bomd ia the corrinaid
. ceenzyroe forms end that the ejectrophilic sbstitution of these redubed cor-
ringids is an eazential feature of these reactivns. An earyoatic Fysts which
satatyres the specific two thectron reductioas has not been demonstrated yet.
- It seems likely that many naturally occurring reductants, such & reduced
flavin, glutarhions, reduced lipoic acid, or reduced {trredoxin can efect oor-
rinoid reduction #x mitrs. The observations by Beck & Hardy (108} suggested
. that DH-By, iz converted on the ribosomes from Lactobociifas Leichkmeanéi to
&_deorvadenosyl-Bi; by enzymes requiring dihydrolipale acid or f-mercapts-
ethancl and ATP.

Becenily, several reviews {9, 12, 14, 39 have discurssed the occurrence,
tsolation, and biosynthesia #7 vive and % vitre of 5 .denxyadesoaytcorrincids.
“I'he major corrinoide necurring in nature apparently exist in this cornryme
furm, The 5-deoxyadenosyl group is prosumably introduced soon after the
Bipsynthesis of the corrin ring, probably at the atages of cobinie ackd mono-
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amide or mbyclaic acid dismide {64). In additien w0 thepe findings, Lexive &
Bukoor [73) bawe igobated tun diferent oovvinsid compounds frem exiracts of
prore culturee of Mathenchooifine omlizuzbii. The two most abusdant com-
ponnds were identified s a-(5-hydroxybeasimidaralyl) cobamide and &-(3-
bydroxyben dmidazobyl)-§-deoxyadenosyicobamide.

Trwlaiion of methvicsrrineids —The fArst jsalavion of methylochalamin
(methyl-B..) from bdogical material wes poblished by Lindstrand & Stahl-
barg {109, 110, It was foud io butan plasma (109}, in call liver, E_ soli, and
Siregomyas romosws {110). Irion & Ljungdahl (65) have identified eleven
corrinoid compounds from acetone extracts of CF. thermaaceiicuns, The main
products are the 5'-devxyademonyl derivativea of cobyric acid and o-(5-

methuxybensimidazatyl) -robamide. Both corrinoids ddso sre present in mi-

nigte amounts as their methyl darivatives. Uther corrinoids peesent in amail
amountx are the ¥-deoxymdenmyl derivatives of eobinamide, cabinsmide-
phosphate and most likely the dl- to pentaamides of cobyrinic acid. The oat-
wral occorrence of methylcorrinotds can be pedersiond in terms of the cor-
rinoid-depemient enzymatic synthesis of methionine, methane, and acetate
(zee elow).

MicRomoLOGIEsL DEGRADATION

CN-By, s converted by growing culteres of Aeowbacier amroprmes mainly
to two veilow pigments {111). One of these pigments ix active againgt perni-
ciotrs afemia, though it hes segligible microbiological activity (112), The
yidd of tif pigioenit i onntdersily higher
Driring an investigation -on catabolion of CN-By Phifcer et al. (113-116}
found several bacteria that formed new ooderad products from the vitamino
By, Among the bacteria stodied, Prewissenar rubstcens produces several
yellow plgment imcticnsin the highest yields under anaerchic conditines and
im the dark. Stucdies with [#Cel-; [WC}- or [=P}labeiled CN-B,: have shown, in
syreement with spectral data, that the axial ligands in the yellow pigments
are the mme ny these in TN-By (115, 116). These observations make it prob-
able that in the yetiow pigments the comjugation of double bonds has heen
jnterrupted eitber by reduction or by addition of one or moee dogble bands
(116). The physical properties of these pigments are simitar to those of by-
products obtained by photodysis of 5 -deotyadenosyl-Bui (117) and of diaquo-
cobinzmide (118), and, s3 the main product from methylcobyrinic acid hepta-
ethylester or the correspending bepta faleobal by photobysis in ethanal
(119, 120}, Tn ndefition, sineilar yellow products have been obtained by the re-

action of OH-F.: with thiole (%, 121) and as by-peodocis from the redoctionof |

corrinoids with sodium borahydride or with zinc and scetic acid.

A refatisnghip between the pigients isclated from microorganinns and
the vellow “metbyicorphyria” aring from a mixeure of y-picoline aod GH-
Bis (122) waa discuseed. However, this product ia probably a tautomeric
form (form B) of vitamin By (120, 123} ia which €-10 hae become & tetea-
hedrai methyleos gronp. Mo craversion to a yellow pigment takes place by the

VITAMIN Ba AND RELATED COMPOUNDS Tl
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action of popicoline oo aquo-dehydrovitamin By [§-amine-w-{5, S-dimethyl.

buunm:dunrlyi}qqumhtmc acid-gbdep-prraamide-c-lactam ), wiriek laciy
u protor in position €8 on cing B ($20). Therefore, a vobstitution on the chro-
mophore in vitamin By is extremely enlikely.

Caenmical RRACTIHONS

The eluridation of the structere of the §'-deoxyadeassyl-Brs by Xray
ervstaliography {20) wia soon {ollowed by a partial symthesin of this com-
pound {124-127} involving a two dectron reduction of vitamin B to By,
reaction of the 1atter with 2°, V- -isopeopylidecs.5'-coryladengeine, and hydre-
Iytic remaval of the isopeopylidene pronp. The discovery of varicos metholds to
made nvailable wide varietios of sortimoids for the study of their chesibcal and
Litkogical behavior (ot reviews 5,6, %, 14),

Redxciions of corrimmids—& vaticty of redocing apents, !Idﬂdil[ﬂti»
Iytic hydroges. sadinm horohrydride, zinc dorar in ageaous ammoninm chioride

of 0.1 N acetic 5o, hypophosphorom acid, chromoas sortate, and thiols .

fnew reviews §, 91, has hewn used for reduction of corrimodds. Costinmed radac-

fign with most of these agents lends throngh yellow pigments to aoloriem
: compounds. In certain mwes, intermedizte brown and grey-green ceduction
‘stages also may be distinguisied. The stepwim reducdan of CH:-By by
. extelytic hydrogenation: {128, 129) or with chromous seetape st pH 5 {130}
- wiekls Biw, 20 orange-brown seaduct. Reduction with chesesons sestuts at

pH 9.5 (L31}; with zinc dust in agquecus ammonium chlore (138 or with

sidiurn borohydride, changes the color from red to orunge-brows and deslly

1o grey-green, This grey-groen prodoct bes been colied By 111). 1t s now
. aceeptid generaily vhat By is o onerequivaleat reduwetion produet of CN-Biy
_ponteinieg To*, and that Bisy is & two-eqoivalent redeetion predbwrt of
- ZN-Pe containing Cott, These zsignments agnee with poinrographic stindies
(i34}, with the eloctron spin rescnance speoiram af By {135), with gesntita-
tive hydrogenation of OH-Bjx o Byy (136), with amperometrio titration
{104}, with controlled potendal slectrolyeic at n mercury catbede (o produce
. By from CN-By (1M, 137) and fically with tbe obsarvation that squimatar
mixtures of OH-B, 4 and B,y give 7 equivaients of B, {122). B,y slowly de-
compows water ta yigld hydrogen and By {104). Both redoction praduces,
Biy acd Biw, are rapidly oxidized to OH-Biy by air, Controlied wlectro-
oxidaiion of By, gives OH-8,,, in two one-siectraa stepa (104, 137). The on-
stable reduetion product, Byw, ooee thought to be & cobadt hydride ()
cobalamin}, <an be farmulated as an equilibrdicm mictere (122, 126, 127, 139,
140):

H* HY
Cott g

Experiments in deuterium-rich medium suggest that Bys can bane by formy-
lated g compound of the ConFY form (138).
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VITAMIN By AND RELATED DOMPOIINDS "y

Syntharis of cobalt-rovion bond —A wids range of slicyl baltde, dialicyisnl-
fatwa, trisdkylphoauphates or #-toliwmmeionic aters reacts very taphity at
room temperature with Hiy or with other two-siectron reduced corrinoida;
and exystaHiine prodwcts have been isolated containing the slkyl group tinked
diractly to the cobalt atom (32, 124121, 140-143), Acylating apents ceact
smitirty yrdding acylowrinolds, On trestmest with dingemethane, 5-
adenosylmethionine or S-methyl-methionine, By gives methyl-By. (126,
127, 348}, Bulky alkyl prowps, o, é-butyl bromide, do pat react with By

Addition reactions accur on trestment of D with acetylenes, sctivated
olefipnes, ethyiene oxide, trirahydrofuren (1286, 127, 146}, and ethylene imioe
(147). Tise synthegs of atkyteorrinnids from thiol porrinoid complexes in dis-
cussed below. _ _ _

Alkyladon of By with 2, 3-isopropylidene -5*-tosyladencsine and bydro-
byiic Temoval o the eoprepylsdene gproup; Hedy G ¥ odeoxyadenoeyl By
{126, 127%, Several analogues of 5 -deoxyuderoayl- B have been syothesized
by sabstituting other S'dmynuduumdes for 5 :Ieux;radeuuner group [125,
127, 148, 149).

The alkyleorrineids ohtained hy pa.rtlal pyntheses have betm sscigned
tructures an the basis of their retatonship to the natura! ¥ -deoxyadenoryl-
By na indicated by spectrophotomeizic and chemical svidencs, Elementary
analyses on mose af these products have sot been performed yet.

Ramarkabde studies by Yamada et al. {150} have shown thet Biw-like cor-
rinoids are obtained by alkali veatoment of TN-Byy, which then reicts with
methyliodide yiglding methylcorringids.

These electrophilic snbetitution and addltion reactlons are mmmﬂhﬁd - '

ie: Figare 3. {Cot-corrimnit also can be converted directly into likyl:g:nr—
rincids by nndeophilic substtation with Grignard reagents or fithinm alkyla,
whan eompouida are ased which sre soluble in igert solvents (19, 120), For
cxample, treatment of beptacthyl cobyrinate with an excens of mrethylnag-
nesinm jodide in tetrmhydesfuran/ether yields the methyl derivative uf the
corresponding tertiary aleohal, |

Srntheris of cobali-tuiphar bosd —Trestment of cyano- or aquocorrinoids
with bisuléine, sullurous acid or dithionite, yields products which are similar,
i Ehusiy sprer-trvmerepic prrepertien, ta the atkcyloarringida (122, 151-134), Theas
peoducte were alea obiained, e.g., by the reaction ol Byy or (CoM)-cobin-
amide with satiary! chloride ( 153). From the physical and chemical propercies,
both the crystabline By and cobinamide desivatives can be fermuylated as
cobalwmin-prifonkte lnd cvhinamide- authna.te contwining Co™ and » Co-3
baed (153}, i

m L]
RSO " 4s0:Ch
CN-Bp—*T * — b
or OH-Ba %ﬁ )
Cobalamin satfomate =
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; #-Toluecesutionyicolinamide sund buwesewnifomyleohinamite (153), and ~

tuluenesulfonyl-Bia (155) were prepared in the same wkY.

An interesting synthesis of alkyl-Byy has been found in the renctinn of
OH-By with thiels {120}. When (H-Byy was trested with 3 excaes of gla-
tathione {GEH) {n aqueous solution at pH 28, u vickt product was formred
(420, 156} which yicids alkyl-By, in the preseace of alikcylating mgeaty (178),

. The violet product in ztable saly in slution and in the prewace of cxcasy

]

G5H, but the dectrophoretic behavior indicates a 1:1 molar complex of
GSH and cobalainin, ’ P

csH 5G CH,
OH-Ba— [:[Jt:o]' C—H: I:lénl' + {G5%)
fio fe

It has been reported (9, 155, 157) that GSH and other thiols, inceding to-

dium bydrogensutiide, will react with OH-Byy to firat form violet- and then
brown.colored complexes, and that under aevohic (oaditions the thiek com.-
popent is oxitdized to the disnifide (158, 1391, Dolphin & Johmeon have ajwo
shown thet these vinlet cobalamin-thiol complexes cin be comverted into
atkyl-B;; with alkylating agents (£55). This fact modifiad their esdier views
on the alcylation mechanizm of the brown-colorsd thin compleres (1573
- Phefolysis.~—According to thelr behavier on photolysls the corrinnids
mthbe subdivided ioto three groups: () these stabie so probomyed phetotyss,
hoth in the presence and absence of oxygen, as $he ague-, wHphato-, and
thiecvanate B,y (155, 168); (B) those undergoing phvtoaguation lesding to
B8 agmocobaltic compler, a5 in the case of CN-Byy, ammonia-Byy 18],
meaoaceia to-meanossgue-cobinamide, and nxmyide
{t¥i}: and (c} those comrincids which undergn phetoreduction to yield a

eebeltous compler. Corminoide which undergn photoreduction ifuclude the
alkeyl derivatives (126, 127, 144, 168, 161), S-deoxyadenosyl-B,; and i |

wasdoguen (136, 148, 149, 162, 161); and the cotriaold-splphongtes {153,
153}. Photochemical reactions of the corringid ekiol complexes hase been ob-
secved, hut are complicted by mcondary isreversibie remctions (9, 155, 1600,

Phetolysiz af 5'-deoxyadenonyl-Bya in the prtsence of oxygen rasslts in
the formation of OH-Bys, adenosine-5-aldebyde and 8.5 cyclic-idencaine;
in the absence of vkygen, however, Bue and 8 5 cyclic-adencsive are the
major products (117). Io contrast to thess rosutin, 1he anserchic phatolyis of
5 desay-2' Fimpropylidenewridingl-Bie yields OH-B,, aiid 2 ¥-tsopro-
pylidenecyclodihydrouridine (i64). The photodecomposition of methyl-Byy
ks bten studied in agueons solution at differsmt OIVEeD muﬁnmﬁnn.{.il,
138, 161}, In the presence of an excess of orygen, met!ayl-B“'io-pkoidymd
yigdding OH-B/, and formatdehyde as the main producs (128, 1613, In the
ahsepoe of ‘axygen, methyl-Bas or ethyi-B 3 are stable in light {9, a1}, but ia
the présenee of limiting axygen concentrations Ry and & mirtare of alefing
#0d parafiing were obtained (31}, Hogenkemp (161) has studied the fate of
the methyl radical from [UC] methyl-Biy as & fonction of SIVEEn Concintra-

e
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B formaldebyds, movhone, amd sthane. He suppustad that both porn B
are probebly formed via hypdragen or metbyl abvtraction from the corrin ring
by & methyl radicnl. However, the resstion prodnct, By, was not folly
anutrred xpd more work {5 needid to cherify e setere. Fo the presence of
thinls, the alkyl group liberated na photolywis from alkyl-Bas or 5'-deexy-

“wdemoayh Bry, 1o oserverted ivbo Senlicy]- destvatives (H55). Anoerobic pho-

Frein 67 cact syl By o T-skhixyrariumybetayl By yiii ic acid
or wthyl arrylate, respectively (127}, Photodecomposition of 2.3 dihydroxy-
propyl-B.a mndet anaerobic or serobic conditions yields plycerol or glyc-
eraidehyrte nod ghyoeric achd as wedl (145}, .

Thue obwarvations imdicate that the photolytic cidivage of the dkyloor-
rinoide iavolved the bomaolytic fimsjor of the cobeht-rarbor bond. Therelore,
it iz evident thai el ihese alkivlcominoids are cobwiltic complenes. The com-
parison of the fuwt order photolysis ratew (33, 1680} with the inducdve effects
of the alkyl groupe does pot show any carrelation {31). 1t secms Llikely that
the rate of By oxidation dependy o secondary rexctions of the alkyl perox-
ide cadical (3600, ) . .

Rerogijon with cyawids in iks dark.—Alkaline cyanide converts 5'-deoxy-
adenosyl-Byy iote dicyano-fy by splitting of adenine and the cyanohydrin of
erythro-3,&-dinydroxy-1-penten-5-a! {167). Other corrinoids with a 5%~
deaxynuctenside Jigand rexct in the same way (126, 148, 149, 16B). These
rediéions Bave been praposed to involve a nindedphbilic disglaversent ot the
nuclocside Hgamd (167) and it is probably & conceried cleavage which does
zot require a carbanion leaving group {6). The simple alkylcoerincids are
stable we alkaline cysaide (31, 33. 136), prewnmoably because the alkylcarb-
apiosa are poor leavisgy proups. However, alkyleorriooida are. readily con-
verted 1o dicyanconTingids if the alkyl gpronp coutnios = strong electrophile

“and is thereloee abde ta leave ae n carbanica {33).
. All the  corrinoids taoatxining & Co-5- bond react rapidly with allaline
cyanide o give the dicyanocorrinoids {153, 155},

Kauchou wilh deids in the davk.—5 -Dioxyagonosyl-Byy is converted to
OH-Byy, adenine and erytino-2,3-dildroxy-1-penten-5-al on mid acid
bpdrolysis {168}, 1ta nuctecsids analopmres, ¥, % -didesxyadencsy!-By, ad 5-
deoxythymidyl-Hyy, vield under these condidors OH-B,y, adenine of thy-
ming, and tramg-2 4-peatsdiens-4-ab (148}, It is apparent that the cave of
arid hydrodysis of the Co-C band is determinsd by the stabilicy of the nuclen-
side glyroayl linkaps toward acd hydrolyais. This mechanism of deenmpoai-
tion differy from that with cyanide becuse the heterolytic deevaye of the
Co-C bond is initistmd by protonstion of the roy arygen (143}, The acid
kydrolysis of I-bydroxyethyl-B,y or 2-methoxyethyl-Bua (33), awd of 2-
aminoethyt-B: (176), in which the protongted aliyl groups are strong slec-

trophiles, agrees with this mechanism. Aleylooetineids aot acquiting m posi-

tive charge in the alkyi ligend are oot decomposed under acd coaditions or
are decompased only slowly (31, 33, 1246, 144), : : :
The alky)-B; derivativés are protonated by cold dilute minersl acid

(263
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which produces o ashiit from red to vellow (153, 155). In contrust, OH-R,,,
CHN-Bys, SCN-B,; and H30,-Byy reqoive concentrated mineral acid to being
ahovt a similae color change {121, 155). These studien indicated & correbntion
between the induetive effect of the alicyt subatituent amd ehe strength of the
Lo bearimidazole coondinative finkage, This is illustrated, for example, by
the atructurss:

ll. R
+H* ]
|—-1Ln]=" — an
i—— N“ iy
i Nae

Where R=CHLH,;, the pK, wlues (o the indicated tramsidon is 387
whereny when R =CHy CHyCN, the pK, valze is 295 Two sxplusatinng
ftr 1he color changs in the alkyl-Byy saries bave besn wdvanced, One inter-
pretation suggests that it results only from the claavage of the Co-benz-
imidezole coordinative linkage (171). An exiecsion of this interpretation
{122) supgests that in acil solution & protonation has occurred in the
chromophore, likely at positton C-10 (31, 122, 136). However, this latier
interpretation seems unlikely, ecayse the 10-balogen-alkyl-Bi, derivatives
sbow the same large bypsochromic ehift on acidification as the alioyl-Byy
derivatives (106, 120).

Reaction witk sodine.—Y-Decxysdenoeyl-Byy i split by iodine yislding
iodo-Bys and 5'-iod-5 -deeryedennaine (172}, The rate of decmrposition of
alkyicotrinoids by iodine is greatly infSuenoed by the alky? ligend. The fol-
lowing order of lability bas been reported {172): 5 deoxyadenoryl-B iy = 5"
deoxvadenosyleobinamide 2ethyl-B 1 > methyl-By, Eaperimests with ic-
dine monochloride suggest that the cleavape is caused by an iodioe cation.

Alkaline prydation—1n UN-B,; an oxidative substitution reactions secors
at position C-B of ring B with remariable ease, indicatiog that this conter is
easily converted into a trigonal intermediate. Air cxidatioe of CH-Byy in
alkeiine solution causes cyclizaiion of the acetamide side chain in riag Bto a
lectam, which has been called debydeo-vitamin B,y {173). No oxidarive
cyclization takes place with 3'-deoxyadencsyl-Bys, methyl-Bis or sufphito-
B (120, 174).

Substitution renciions.—~A second oxidative cyclisabion of the acetamide
gide chain in ring B of CN-By3 hag been described (173). Action of chloramine
T or bromine water at pH £ at first causes cydization to lactome-Byy and
{urther reaction of an excess of thess apeuty canses substitetion of chlorine o
broraine into the chyomophore yielding the halogan-lactone-Bys (173}, The
regetion of 5'-deoxyadescayl-Biy methyl-Bu, or salphito-Byy with chior-
gmine T in {5 Ml acetic acid takes o different cowras {104, 120, 136, 174}, In
thwre producty the fimt equivalent of chloramine T resudts in subetitution of
chlarine into the chromophore without cyclization; an excess of chlommmios T
feads to the formation of the correspondieg medochlorolactones, Sebeticu-
tion of the chromophore of CN-Ejy befure cyclization occurs ia possible in
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glucizl acetic acid. Thes N-bromosuccinimide yields 10-bromo-CN-By and
cyasolacvone-B,; (108). NGCl or NOYCl gives 10-nitro-CN-Byy, which is
easily reduced to Mramino-CH-Byy (106). In contrast t0 these rensdre, the
rmactizn of chhocamine T or N-bromoseccddnide with cysmocebmaide in
0.5 M acetic acid or glacinl sestie aeid yiedis only 10-halogenc-cymnoonhin-
amide, without lactonization [173).

These results show such a substitution in the cromaphore of coerinolds
with slectrophilic agents in the alkyl foror, as weil an in the cyasio form. A
consideration of the electronic absoeption spectra from chlore-, bromo-,
Bitro-, LMinn-, and acetaming-Bjy leads to the conclusion that the most
reagmable position for these substituents is C-10 of the rrinoids (Seq Fig, 1,

R =Cl, Br, NOh, NHy, or CH-CONH) and agrees with the prnmn magnetic
reganance spectrgm of 13-chloro-CN-Bye {34).

. Trangfer regclions —Anacrobie photolyeis of alkyl-B., derfvativey wields
an intermediate alkey] radical which in the presence of thiols is transferred to
these {165):

1 hr+ R'SH

P T R’—5—R + OH—By
It kas been shown, zlso, thet photolysis of methyl-B,; in presence of 1,4-
naphthogquinone yisids 2-methyl-1, 4 naphthaquinone (31).

Apother tranafer rescrion has been found with acyl-Byy derivatives (105).

When aceryl-By; reacts anaerobically with a nuctssphilic agent, such ag am-
mnnia, in the dark and in the presence of Jiltthyl indide, methyl.Biy and
acetamide are obteined. From this fact ac intermediary formaiion of By can
be inferred.

——n’:ar Rl --—_{éur + CE,—CONH,
L I [ J.

10-Chioro- and 18-bromo-saltphito-B,, vield, by the eieceronic direction of
the halogen subsritoents with S-nsphthylamine ag nucleophilic agent in the
presence of aiv-and in the dark, the corresponding aquo derfvatives aod 8-
paphibylenlphamic aad. H the transfer muctions are carried out anaerobi-

tafly in the dark and in the prewooe of methyl iodide, A-oapbkthytsulphamic

acid and the m{hm or 10-bramo-methyl-B,s (9, 106) are formed,

CHy
ChHNH, [ - .
l:[ l —Mﬂ} Elcﬂl —Br{CS) 4 CouHNEE0®
. CHY 'Ei" :

Structure of the corrimoids—At Grat it was not clear from the X-ray
analysn of ¥ -deoxvadencayl-By whether the cosrlnoid ligand aystam had
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the usuz! six drable bonds as in the case of the cyamocorrinoids {1). Redbesd
Torma in the atbyleserinaids with 2 totralwedenl £-10 posbiden (1784 or with a
hydropenated 9-22 band (174} have been suggested, but the Intter vies han
been modified (120), The mxulte of the following experisanis indienty that
the corrinoid Hgand mystem of the ¥.deoxyndecony]l-8,: and the afkylens.
rippids s the same pa in the cyanocorrineis and beth contain trivalent oo
balt. {a) The =ynthesin of methyl-Byy from OH-By; in water-amtaining
tritinm Jeads to a radicactive product with tritinm ic the methyl o8
" boued to the cobadt, bat ne trittum incovperstion into the corriooid ligand
evstem was detected {120}. {&} The controlled alectroreduction of OH-B,, to
B requires two slectrons (4, 137). By prepared in this way ceacts with
methyl iadide yichlieg methyl By and oo addivions! electroas are avallabie
o reduce the corrinodd tigand system (137}, (£) The magwetie susteptibilities
of cyena-, or dicyano-Buy and 5 -decoryadesoayt-B s in both red snd vellow
ferrinn wre diamagnenie {32), Therefore the alkylcorrincids con e regurded 2a
diamagnetic complexes of trivalent cobaft with a carbanion as ligand,

Enzyuatic REACTHONS

In 1958 Barker et al. (2]} isofated a coeazyme form of a-{wdenyl)
cabamide and demonstrated its particpation in the isomerigation of glu-
tamate to B-methylaspartace, catalyred by an cnzyme present in Cf, feiame-
morghums. Meanwhile, the koowlsdge of the enrymatic functions of coo-
noids has mpidly incressed. Hewever, in all corrinel-dependent sspymatic
réactions the mode of aition of these coenzymes is unknown ur caly party
lucidated,

REACTIONS [NYOLYING 53" -DROXY ADENOEVLCOREAMIDES

Glwiamaic mutzre—The Grat step in the fermentntion of L-glvtwmate by
extracts of CF, Fremomorphum is its conversion o L-threo8-meihylaspactate
by the 3'-desxyadesomylesbamide-dependest glutamete mutase system (177,
174). Evidence was obtamed for the exisvence in chis sywtem of two mparabie
profeins, called the E and 5 componesia (178). Compopent E bas noo been
purified and completely freed of 5 component activicy and of f-methylaspar-
tase [179). Both purified component E with a moleculyr weight of approxi-
mately 128,000 and partially purified companent 5 are essential for glutamate
mutase aetivity weder either aecobic or anaerobic conditions. The binding of
5'-deoxyadenozyl-Bys to component E is refatively weak (179),

This enzymatic reaction cen e thought to iavolve 8 neverwibie transfer of

a glyeine residue and of a bydeogen by wey of a double rexrraggement {177,
150),

tEve

[ETTE TR R W

WK L L

e a -

O

-t ot LRL I

P

VITAMIN Ba AND RELATED. COMPOUNDS 4

Thmhhmhwmmﬂ:

ackd or & free peoton ave bntermedistes wha stlcinsted by (racer aaperiments

{177, 179). Tir ntramclesiar Fydrogen ramder oocum in 2 stecampeclfic
way with inversion of the configuration of C-¢ of gimiamate {130} The ¥-
daswysderenr] group is abaolrtely secesanry for consyme actvity in the
glutmmate tawisw reaction. Its replacement by other ligaaely, yoch ay 5'-
dengyoritie, 3'-deoxythymidyl, 2°.5-dideoxysdenosyl, or aliyi proups,
by £ s o astivity or o competitive kningosias {1458, 177). Other cor-
rinod derivatives, sock as 5"-déqxyadenosyl- lmﬂmmmm
{183).

L-Meihyimalonyl-Cod mxinse.~—This reactics, -demonstrated in both °

microorganians and animal tasaes, i important in the metabolism of pro-
pienate (182, 183}, It iavolves the carboxylation of propienyl-CoA to p-
methyimalonyl-Cod, isomerication of tee lattey to the L-emanriomerph and
then its conversion to succinyl-CoA {184-188). »-Methylmalonyl-CaA my-
tast has now heen obtained in purified form from P. shermanis (189) and
from sheep liver {19, The cheracterization of this esryioe from EBotk
sources showed some diferences,

The purified holoeezyme from sheep liver haa a molecular weight of
165,800 and contzins ronghiy 2 moles of 5'-decxyadenosy! B per mole of
enzyme. White the boinenzyme in reintivaly stable, the gpoenzyms, which has

A similar molecular weight, ia very unstabie and sensitive to salfbydryl bind- -
ing reagents, The full activity of the sposnayme can be restored by the addi- | -

tion of 5 -deaxyadencey)-Bys. It was assumed that holoensyme formation in-
volves 2t least a two-point attachment between the coroazyme and apo-
exryme and ther sulfhpdryd gronps are one binding =ite of the preotein (190).

A molecelar weight of 36,000 waa obiained for the hacterial estyme
(189). The activity of this engyme does not depend oo wslihydnd grotps and

 the coénayme cowld readily be peparated {18%). The reasons for the differ-

ences between the memmalian and bacterial enzymes were discqased by
Ochoa & co-workers (190,

The isomerization of methyimalonyl-CoA, in analogy to that of glotam.
xte, occure by an intramobecutar shife of the earbouyl thivester prowp from
the & to the S-carbon of the proplosic acid cesidue with a pitmultaneous by-
drogen shife (191-193}. Again, no wivent hydrogen ia incorporated during
the isomerizadon reaction (194).

R g RequbaCOSCoA} ;g

H—Cs——C—H H —H
"'h...___

wol  ® - mHoot &

Several hypothetical mechantams have been proposed (193-197).

Changes in the 5-deoxyadenony]l group have & propousced effect om
coensymatic actvity, whereas modificarions of the bases in the nudeotide
part are refntively unimportdnt (182, 181, 5'-Deccyadenosyloctinamide
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e o xrkivity (199, Overath ot ab. {188) bnve fogad n low aoviviey of this
compound, certainly caused by the presance of 5 -decxyadesceyl-B ..

The presence of the methylmatonyl-Codl sywiesmn aiso has been demon-
strated in celldree extracts from tat liver (1), ox liver (199}, and sheep
kidney (200}, The coenrynst atwo is pardy wilized in this way by Ochro.
mouns makiomensis {3201). One funcdon of vitemin Byy in mven s t0 sct exa
spairce of coengymee for the methyimalonyl-Cod-mutass (302}

Dioldukydrase —This smrynse cutalyzes the coaversion of 1,1-propanediol
to meopienaldehyde or of 1,2ethanediot to acewmldehyde. Dicldebydrace
activity was found in cetlfree evtracta of A. gerogemes (303-205) and has
bwer purited 200-fold (206). A similar conversion of ghyorrol 10 J-hydroxy-
propionaldetyde har been demonstrated with extracts from Laclabecillug
2084 (207, 396) znd from A. eerageser BrY 512 (0], Al thest reprtions
depend on ¥-deoxyadenosyloobemides.

Studies to elycidate the mechanism of the divtdefrvdrase eeaction have
shown that this reaction involves an intramelecular 1,2-hydrogen shift
(18, The erzymatic conversion of stereoepecifically labelled 1 Eaprnpnne-
drol takes ehe {ollowing course {211): )

p-CH.CHOHCEDOE — CH,CHDCHD
1 H,CHOHCHDOH — CH/CHiCDO

The steric course of thess reactions was explained by assoming an inter-
action of the enpyme avd sybstrate that invelves the binding of the two
hydroxy] groups at 2 spaeific site of the proteis The dicldehydmes in the
presence of 5'-deoxyadencayl- By, can act both ax dn electron donor and a5 an
shectron seceptor (212). These transformatiome aod the ability of the enxyme
0 bring about 3 heterolytic cleavage of the robalt-carben bomd in 5-deéoxy-
adecosyl-Bu (206) are remerkable Jeatures of the mechanism of cobamide
coenzyme-dependent reactions.

Numerous nudeosde anglogues of 5'-deoxyadenonyl-Byy and alkyi-
corrincids have been tested in the dicldebydrase system. Moat of thess
derivatives, including CN-Byy 2nd OH-B.; were either inactive or competi-
tive inhibitors {141, 144, 147, 143, 149, 209}, Omly 2 5" -diceorymdecmyl-Bi
(148), §-decuy-Nemethyladenoxyl-B (149 wond 5-denxyadenogylcohin.
arnide {208) lhmred activity, but all were less active than 5 -deoxyadenosy’-
BI'I

Ethgnolamine daaminase—An inducible ethanolamine dﬁminm {rom
an ethanolamive-fermenting Cosiridiem requines ¥'-deoxyadecosyl-B,e or
o-(bensimidazolyl)-3-deonyudenceyicobamide (213). This enryme converis
ethanclamine to amtaldehyde and ammania,

HS—CH—CH—0H — NH,* + CH—~CHO

This reaction i very similar to the traasformation of 1,2-diols catatywed by
dinldehydrane. The deaminase ia slso strongly inlibited by QH-Bay, CN-Bix
and methyl-Bys, but cell-free extracts are able tb synthesize 5-deoxy-
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mieriryl-Byy froc these compoyads. An enalogous reaction seems o occur
with choline.

Ridowuclestids veduciazs.—A relationship between vitwmin By wmd the
synthesis of deexywucieoxides from ribosetlvides, by direct reduction, was
optablished by numercas stadiss (soe reviews 3, 9, 13, 14). Biskley & Barberr
{114) - have recently obined cvidener of a 5'-decaywdenceyi-Bys requics-

meat for the reduction of cytiiing mooophosphate o decycytidiee mono- '

phinaphate by crwle sxtracts of Lscebecifiis inckmani, Trecer experiments
have indicated that the glycomidic bond in the ribenucleatides i got broken
duitng the sazymatic reduction (108, 214, 216). The resuita obtained with
Eractivmated extraces sngpested thae the ssbatretes for the reduetase are
ribonucleaside friphosphates and that the purified reductase shows much
greater activity with goanosine triphosphate than with any other cested
ribonucteatide {2173, This cozryme requires dibydrolipoic acid in addition to
5 deaxvadenosyl-By. The ribonucleotide reductase of L. lm:kmm: in
repressibie (108).

Maximal reductase activity of this system ocours with 5-deoxyadenosyl-
B2 and a-{benzimidazely})-5'-deaxyadenosyleobamide (108, 214, 215, 210).
The former i probably the major aateraily ocourriog corrinoid in L. feick-
manii {108, 218). Mast ather corrinoida tested were virtnally inactive, bat
2 5 -dideoxyadenoayl-Bys i active {215). The parallelisn with the activity
of corrinoids in the diokdehydrase from 4. aeropenes is remeeckzble (148}
This poines to a sismilar mechanism of reaction for both enzymate sywtems.

Lysine depradation —The conversion of lysine to butyrate, acetate a0d
ammoaiz by cell-free extracts of CL sticklandi and Clostridium M-E, is
E’-dm:}rld:nmylmblmide-depnnﬂmt {220, 221). This oxidation-reduction
process is coapled with Jarmation of ATP from ADP snd arthaphosphate.
The spaciiic step in which the cobamide cosnzymes participate han oot been
identifed.

ExacTtiona Wit O1EER Coxmixors

Maihionine. synikesis.—Two diferent pathways for methionine methyl
formation have been reported (ase 212, 213). Owe shows 2 requirement for
vitamin By and the other does not. The vitamin Biyindependent enzyme
system, which occurwin K. cali PA-1} [228), E. oofl W {125}, A. ceropenes
(216) , and in extracts of spinach {223), requires homocysteine, 5 -methyl-
tetrahydropteroyiteiglutamate, and Mgt

© The viamin B -Oependint pathway regquires se sddivomd eolsctors
reducad Ravin adenime dinuclectide and S-adenosyimethionine [(AMe),
together with 5-methyiterahydropteroyl mono- or triglitamsite {methyl-

TH,) s methyl donor (sce 222, 223). Thia transmethylase system wan found

in the E. coli atruins mentioaed above, in A. serepewsr (327), and in mam-
madian liver {228, 219).

Tha By-dupendent methyltransierase reaction proceods accarding to

the equation:
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S-Mebyltetrabydroiolele - bomacrstetne
AMe, cobamide protein
=+ et Infiidng + tactenlopdealalate
reducing system

5-Methyltatrabrydrofolate homocystrine  rancmethyinee, which catalymme
ihis reaction, contiing 2 vitemic By derivadive as a prostietsc groop (122,
22N, E. coli FA-15 focme & stable holosusyme when grown in vhe presence
af CH-B,. but forms only the ppoearyme in the ahaence of the vitamin
(230). A. asropewes produces suffcient By; to form the bholosaxryme without
addition of the vitamin (127}, Methyl-Bis can strve & an mboosediate in
the trannferase reaction (231, 232), ard this hay focrsed aftestion on the
possible role of methy!-Bu as a prosthedic group In the holaenzyme. Studies
on the {ormation of the holoenyyme i viirs have shown (X123, 223) that a
atable holoenzyme is formed with OH-B it or CN-Byz only in the presence of
the refucing systewn. Howsver, with methyl-Bgs aa oofgcrne, no reduction
s necensary for holoensyme formation. Since By alse requires a reducing
syatem to form the holeenzyme, & twe-electron reduction of the viesmin
appeara to take place (233). Barzed on these conaiderations the biceynthesia
"ol methicnine by the Byydependent system (222, 223, 232-236} seepns to
- Iellew the accampanying cyclic pathway.

methyl. TH, | TH,
Ll 2~ A
OH-B, - = - B
o AMe methy) B
L AH:
T

matiionine hommocysieine

. In the Reactions 2 and 3 the methyl granp will probably be transferrad as a
aatiyicarbopium ion. Mowever, the catalytizal role of S-adesosylmethlo-
nine, required in Resccons 2 and 3, in oot known (222, 213, 236, 137).
Possibly it fanctons as an atlogteric regulator (8, 236). The tranamwthylas
frenm bog vk and B eoft catalyzes the tranuier of the methyl group from
methyhetabydrofolate te robinamide {22%, - 238), Amgther vitsmba Bis

derivative, not identical to 5"-decxyadenoayl-, methyl-, or OH-B.;, hey been -

“seoiated from Becifles mgﬂfmum (239). [t stimuizies the apuen:ym of the
trapsmethylase of K, coli, .

Metbane formatiox.—Cellfree extracts of Mulbonesorcing barkeri cata-
bvze the reduction of [MCl-methyl-Bye to SCH, (2480, 3431} pnd also the
formation of methané from emethanet, formatdehyde, or carbon goxide
(240, 241). The amount of “CH, prodiiced from "“CHyOH is decreased Iy

5ebe
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additing of uniabelled methyd-Biy: howewer, "CH. formation frem [MC} ;|

mottryl-Bas i not infrenced by ualshelied methanel (241). The dememutra-
tiom of the nrysatic hisailon of methy]l-B,, froo metioncl and B, in
extracts of M. bhrieri i further evidence for a cobemide-depesdest ragduction
of mathyrsd (Fit), The fomaticn of methane sod Bie from meetinl-Biy
wiz vhows in extreces of Mobowokrokrinw sudizaskis (341, 243, This
ahilizy seems to be 3 common progerty of the methawe hacteria (2dd). It was
poatobeted thet B iv-on feterweediate bath in the conversion of mitiryd-By,
to methase (243} and in the engymatic synthens of methyl-B,s fmm meth-
anol (241), However, from the resctivity of Biw, discussed above (see
pp. 414 and 418), this compound i very probably only a rangient inter-
mediate in both enzymatic reactions,

1o extucts of M. ssstliomsdii S-methyltetrabydrofolate eems to bhe an
intormediate in the farmatine of Doth orethane and methionioe from carbor
dioxide, pyrivate, or wevine (245). Methyt-B,y may not be an obligatory
intermediate in thia case (245), in agresment with the inding that nomtthy]-
corringid could he deieried in M. sealanchbed (73).

Acerate forvsation.—Celi-iree ewtructs from CF. idermeocelionm catalyze
the incorporation of the metbyl group of methyt-B,; setectively iato the
mnathyl group of acetate (246). This enzymabc reaction requires carbon
dinxide and pyrovate. The same sxtracts aleo catalyze the synthesiy of
[ -t byl By from 190y and reduced cobalamin (247). Three fractions of

the evivaet are required for the symthesia of acetate from wethyldyy bt |

ome of these fractionn cag be repleced by ferredoxin (247). Howswer, it
seems likely that none of the natawrad intermafiates in zcotate syntcheals is 2
cobalamin derivative (148). Surprisingly, che methytated products wolated
a-{5-methoxybenzi midaglyl)-mathyl cobamide and mathyleobyric acd
- (65}, Both cocrinvide [nbelied im the methyl group have bees isclaind from
Jintact celle of CL thermoaceticum grown in glizcose mediuvm and exposed to
W0y for ashore time (66} Cell-free extraces from this microerganism cata-
kyze the selective conveiwion of the labelled methyl group of them methyi-
corminoide to the methyl gronp of acetate in the presence of pyrovate. Ap-
parently methylcobyric scid i the better precursor of the two: probably o
crrbtrymethylcorrissid i o sktond mtermediate. Forther evidesee for the
latter compound is ‘the imct that extracts of CJ. Hermooichionm produice

acetate {om carboxymethyl-By in the pregence of redwesd nicotinamide

adenine dinucleotide phosphace (66),

CopcteanG REMARES |

The growing vnderstanding of cotrinctd chemistry will be the basls for »
deipetr knowhedge of the bbwchiptnistry of these fascioating and unige sak-
stuoces of bowr mobecutnr weight. It seeme of the grestest importance, ther-
Fere, ra show what infvence changes in the corrnoid Ligasd system snd in
the axin! Jigands have o the reactivity of the molecije. Becaune they throw
Light oo thee probione, siudy of corrinelds of modified structure alvo leads
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to a betrer undargtanding of the hinchemistry of Bia Investigations on the
baewyathexis of the By moleoie must shew aoc oaly how it i formaed, gt
also why 1t must have juat thin structure to perform its oumeroue biclogica!
funstions, .

At least nine different celi-free enzymatic reactions that sre dependant
on §-deoxyadenosl:, methyl-, or carboxymethylcorrinpids are now known,
In some of these reactions, a reduced cerrinoid with Cott very probably
fenctivna Ba the active prostletic groop, Above af, che inamoletidar
doulde yearrapgement, dependeat on 5-deoxysdencayicchemide, in gtill
myateriows. The importance 1o mammalias biochemistry of as yunderstand.
isg of vitamin His iy increasing, since at least tvo of the sazymatic reactions
dependent on corrinoid coenzyries occur in mammals including man.

The ultimats goa! would .be the isclation in crystallized. form of 2 coe-
tinobl-containing enaxyme whose strectual ducidaten in tiewe dimensiong
would make possible a thorough vaderstanding of rhe intrigning st of reac-
tioms for which these coenzymes are reguired.

e
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tivity, . C o

T

Y

I, quired for the clezvage of the cyano-
“cobalamiy-Intrinsic factor complex
7 -which resulted in makisg cyanceo-

- balamin available for absorption.
. - Colte st el" reported the correction of
"~ en abnermal Schilling test in a pa-

tient with the Dmerslund.-Grisbeck
“- ayudrome following the adminizt.on-
v ton of amall irtestinal juice. This

; mupported the goncept that » s_p_éci_ﬁc
. !__— = .'-.. : ) U

e - Mogngenital
ey T ETASIR GRS, 1

Fi oy o . snamia; Relatien of intrinsfe fuctor to blood group . vitumin B,, matabsorpelon with probeinwda in [ere. i
I ‘¢ mobstance, Medécime ARITI-EAT, 1964, o Freaal B Bied i BHZ-68 100w, .
Falmt o B Imerslund O Mdispathle ahoanle mogaloblastic 9. Dynaldeon BM Jr, Maekanzie [L, Trier J3: Melin-
L boemia in ehildren, Acty Peedint 1mupplil-135, -_sic factor-madiated aitgehment of vitdris B, in
: 0, - o - : brush turdera and microrittous mambranes of h.omager .

ERR Grasheck B, Gordin R, Ka
vitamin 1,, malal

3 e ¥n5aturmﬂ

r T

R A

: - adwinistration of our priient’s gag-
# . trie juice, These findings Indicate that ©
in  cfano-

- Herbort ot al' postulated the pros-.
.. enca of releasing factor activity in |
the. emall intestine which was re

o tund-Grisheck peraigious . anemia

e .: U S - o I.' o . . L.
. 2L Miller DR, Bloom GE, Streiff KR, ot ai: Jnvenile
"mm anesnip, Mew Eng -J Aed

Tt R Horbert W, Strelf BB, Sullivan LV Notes on "
-, Pyjilamin B, sbsorption: Aoloimmunity and pernicious

S tien and

peaple. Acle Med Beawd 16708005, 1860 . L -
o B Gotlieh © Lan K3, Wazgeemen 1, et al: Rapid

-+ At chareaal aaaaﬁ or intringie Tovter {11,
u bieding capacity, &

- {tiestingl ‘factor was required for ab-

sorption of the cyanocobalamin-in-

© Bassat el al' were umsacressful in’
" eorrecting the malabsorption of cyans-
cobalumin following the adminis-

.- tratlen of wmormal intestinal juice in
11 of 18 patlenta with & specific defect

- in eheorptien of cyanscobalamin, We-
alse conid not eorrect our pationt's al- -

narmal Scbilling test with the adwmin-
- lutratfn . of szmall intestina!
fror twa sources.

- tringie faetor complex. However, Ben- .

Juics

. The ¢yenmcobalamin deﬁcienc:,r may .
have heen related te ac ahnormelity .

in the imetabolism of the intringic fac-
tor-cyunocobalamin complex by the
_amali Intestine ratcesal colls, Donald-
aom et ol showed that the preasnee of
Intringic faeloe increased the uptake
of cyanocabslawmin by the brush bor-
ders end microvillous menbranes ob-
taiond from the distal half of intesti-

shuwn that the formatian of an in-
- wingle faster-eyanocobalomin com-
- plex.is required for shsoeplion of
*. eysnocobalamin, This eomplex’ js
. trapaported to a receptor site in the

sults in the release of eyanocobalemin
for absorption. The dati prescated

] eglls im hemsters. Cooper® haa .

related 0 inldnsic feeiar ackivigy

gugireat thol pativnts with Imers.
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Sl IEFTEMEER 29, 1962 PRELIMINARY COMMUNICATION — NEW INVENTIONS

Preliminary Communication

SEMINAL VITAMIN H,, AND S$TERILITY

IN aserming male fertility the towtine lahoratory io-
veRtigations oft semen are, a6 a grren role, jimited o
measurements of the volurmne of the ejacuiate and the sperm
demsity, andd eatimitions of the proportion of motie forms
and the praportion of apermmzon baving normal morpho-
logical chamciaristics.

Varlous warkers have seported that, when the propog-
o of menphologically normal spetimatorce is jow, there
i often an wssccinted decredsa in the proportion of motile
forms and 4 lowering of the sperm-count, suggesting that
the changes might be & consequence of & maturation defect
of the gschnauizon, _

Buach * showed thut when piored bull semen was usad
in weridicial irmeminarion the addivion of vitamin B,
improved o evenmal tmotility and enhanced ju degree of
fertility, It waa therefore deckded o investigurs vimmin-
By; levels o serum and in seminal fluid in order ©
explere any pomible role for tiis vitamin in homaen sperm
matuedtion. :

THR Atvnoy

The wudy concerna the seminal fluid and serum of
thirty consecytive patitnts whe attended a steriliry clinic,
Sperm-couvam, <atimations of sperm motility, and asaes-
ments of the propottion of marphologically normal forms
wete made. A specimen wes regirded a5 morphologically
within sorral limity if bess than 302, of the spernts showed
stypion! sumicturel Seatures, Eptimations of the vitwmin-
B,y levels th the seminal Avid and the serum were carried

" out by the Ewglmc gracilis method®* The ratio of

witamin A, in the stmen o vimmin By, in the seram was
designated the semenscrum quoticnt,
HESTLTS .
In eighteen: of the thirty patienrs the specimeny wers
tegurded a5 oormal. The vitarnin-H,, leveis in their
semen kod in the seinen of two known feettle donory wers
fond 1o Be higher than the ievely in the i
Mium specimans. §n these dses therefore the zemen/
seram quoniant (ks designared dbove) was gradrer than 1.
In twelve caws the specimeng were regatded n1 ah-
sermal (i, thore than 304 of the spenmatogon showed

L Bwnck B dwiw, Brecd. A (B57, 35, 147,
3 Roaw, 3. [ M nr thim. Aarh, 1957, 30290,
1. Hatrier, 5. Ho, Back, MUK Rwa, 3. 1 M, £ Pratorssi. e, 4,101,
=00
- ® Mormel Sperm ro-phalagy
'E G AMAM'mal - a
i 20a- . o
b'| L
o
% aval s J
% a
3t
a
% 3cof o _ L ]
[ AR L -
[ X3
¥ @ .
v popf  © - -
3
X ° *
) o . .
‘i Qe -
bl .
5

5% o 3o 480 =200 mog
WITAMIH B W SEMEN [ mua. par mi, )
¥iamin. K, hwy I snten gnd strmm.

—

mﬂmhﬂiﬂ‘iﬂﬂ lbnormalilit:]. The Vimm"nn Jewedx in
the eemen wod serum in these cases showed sn fnveny,
Tatia, the gquodent being balor 1, with the weception of on,
case. In other words, in these cuses the saminal B, leve)
war less them the st level, The Bndings ire
wmmarised in the figure.

Three of thear cases had azoospermic ‘sersn, apd in
each of these the vitamin-B,, factor nas less than |,

_ CONCLUSION

These experimental findings suggest that vitamin B,
taxy influence the maturation of huoman IPErMATOEoN,

1wk to acknowledge tha advics und encouragement of D, F,

Harepemn, dizector of the departinent of pathology, shd m thask by
§. . Elooatp for hia heip In dit il niny the vitnmis-By, rvels

m&wﬁ; ALIN A, WaTION
.y Baka

. Lond., b kg
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Intestinal Vltarmn B, Absorptmn in the Dog

I11. Demonstration of the Intraccllular Pathway of Absorptmn by L:ght
and Electron Microscope Autoradiography

Henwent Weseeas, M.1Y, Jonannes Reopiw, M.D., P, anp Grorce B, Jerzy Guass, M.D.

Diepartments of Analomy end Medicine, Nao_York Medical Coliege, New York, Naw York 10029

The intracellular pathway of vitamin By abiorp-

* thon it the dog inkestioe s wvive Was visualized by
lipht andt electron micromcope sutoraiicgrupby. The
terminak ikemn of tach of hve apesthetized mogerdl
dog;wasdmdad by lipatures inlo separate $-cm.-long
i sita spcy: the lumen of eiach sac was washed thor-
ouphly and fied with .75 pp. {~ 10 pc.} o Co*iByg .
At M-minats, and I-, 2+, and 3-hour inlervals, the
s woTe Bied and prepaned for putoradiography.
During- the initial 2-hour perbad Following intrz-
haminal rudio-B; - mtrlimnn. label was bocalined
principaliy in the surface mucus coniined in ctypts
and stirchied w0 vitli, and in mucs pranules of gablet
cells in both crypis amd villi. At 3 houwrs, rodioac.
Gvity was predomirantdy lacalizmd m mucosal ab-
sarbing cefls and emderlying lamina propria on light
microscopy. m checlron microscopy this mudicactivity

* Through rumerons biochesaical and physiologic st
s, dmestinal vitmnin By. (i1 alsorption in man and
many anintl spocies s been chown W precoed dn
severad surzel® A phvsdolepic dose of ingested By is
first bowd 1 intrinsic Factor (1F) in the lumen ef the
gestroiniesiingl wract, IF is vecretenl by 1he stomach and

. s beHeved 1w be o glyeoprotein with a molecalar weighy

in thie range of 50,000,

In the fire wage of alscrprion following (e binding
of 1F to By, the IF-Byp complen formed is accumulated
of "adsorbed” ento 1F-B; reeeplors locsed wlong ihe
surfaece of the jntestinal mucosa. Ar this stage, the bond
between 1F-Hj; and the mnuweoal surface is calciom-
depemilens aud mixy be reversed by che adidition of
etinkenediaminezerraacetic acid. Following this siage of
adwarption, By, peretrates the mucasal absotbing cells,
presumably Lyoa process ol aciive ramport, and from
there passes inte 1he blood srean:, _

B i3 not jor kauwn in what monner Boy in released
fromy i Dl 12 [F withoat damage to the vilamin, nor
whether thiv orcurs Telote or afier il penetration into
the ool ool Onee i the bfoesd steean:, however, in-
tact B is oo Lswoer bouwsid tee EF bout ratBior to e serng
Iy, bider, rganwobakinig ILT In the puittea pig ine
toane, a feeeer seege o the sheorjsion aof By s been

He

L | -

fy

was kocalized in the area of the mmwlh, terminal
weh, rough endoplasmic-reticuium, Golgt apparatus;
lateral cell membranes and intercelluiar spaces, lam-
ma propria, and capillaries of the lamina propris.
These resilts supgest that, @t Jeast in this species, gob-
let. ceil mocus B, binders may play a role in the in-
testinal sbsorption of vitsmin By, . They also saggest
that certain Byx transport proteins are synthesized
within the endoplasmi¢ reticulum of intestinal absorb-
ing cells and are complexed with abtorbed By» during
its pastape thrmsph the cell before reaching the biood
shram.

Additional key words: Pernicious anemia, Goblet
eell, Mucus, Mucoproiting, Imtestinal epithelivm, Byy
bimders, Inirihsic factor.

shown to consist of the binding of the 1F-Byx comples
to & macromalecular facter prosent in the ileum amd
sermed dleal dnoimsie Licoow?® Ahhongh the above o
cvs spbies 1o b prtion of the plwsialoric quantitivs of
Ky normally founcd fa foxd, & scoomd nuwchanisim exists
fur the alsorption ol supraphysiologic amounts of By,
which & nor TF<leperddent and which is more likely oac
of pastive diffwsion.

Widien the intestinal mucosa, little is know of the
struciurai pathway followed by che By inolecule during
its absorption. In a bref report, the appenrance of this
absorptive process in the morosa s one poin: in eimaw
was only recently describecd® Under the light micro-
scope. 1 hour alter inculsnion of trtizeed B,. and 11

with segments of guinca pig ilewm i1 witro, rlionctiviee

wits obmerved i the brush bonder and apical portions ot
imestinal absorhing ceils,

A the wlirastructurz] evel, however, the immoedlalar
parhiway of the Bp molecule ooring fis passiyge Irom in-
testingl hamen throwph the absorptive cell and intn G-
pitlarics of the Lhouina popria b unkooswn, In ahg
preseat dnsestigacion, oerefore, light and electron -
cremeope supmtioeraphy wete rovrbined 1o vingalize s
details of chin parthway in the dog inlestne I8 wice.

*f
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MATERIALS AND METHODS

wpinal B, abrorprion was shudied in five {asting

cel disgs by means of i 2w ileal sace.

" by peniobarbital anesthesiz, the abdoneen was

. surgicaily, the wermiinal ieoox was identified, and

dm e kil Nigauses were placed gt the ileocecal valve.
The ileum war ihen divided inec lodr to 6x 5om-long
in o osace by placiog double silk lpaures at appro-
i imtervals proximad w the ileocecal valve. Care was
akon to Jeave the cnvire mesentery intace and therehby
to purscrve the vascularization of the intestine,

The lamen of exch sac was then wasled three times
with 5 to 7 mil. of waris neatralired 0.4 per cent saline
injected tnsmuorally. Alter washing, the contents of the
sac were withdrawn, aml 075 g (10 o) of CoV'By,
was instilled o the Jumen of each sac by transmural
injection. Following this injection, the estine was care-
fully replacced 10 the abdomen. the abulominal wail was
gt with hetneatats, and Uw enrire abdomen was cov-
ered with sterile towels which were -kept cominuausly
moigt with warmed 0.9 per cent saline, Az 15 and 30
yuinuie and L., & and $hoor intervals, the abdomen was
reopened by peleasing the heonostats; ong lest sa¢ was
carcfelly mobitizd aml is mesentery was divided be.
rwetn two sk tigalores. The contenes of the sac were
hrst rapilly witlsirawn and repliced with 3 ml. of
phosphate-buftered glutarabiehyde®; the ends of the sac
weme (hen immodintely cut between dlie donhle Lgapres

" separating it from the remaining intestine. The removid
sac was gquickly opened and drained; a smmall vissue sam-
e was excised from it center with a chean raror blade
wnd placed it plrosphaie-bufiered  gluwraldehyde at

L swom icmiperature. The remajning scgment was washed

e times with 10 mim CaCly . then bloned on fleer

paper, and weiphed on a 1orsion balance, The segments

were counted for radioacivity, amed the e opoake of

§ CoFHy wis aalrulaial in picograms o By oy pram

wet weipitt of intestine, These results are included in

% putile eepanris F-#

After 5 mimiies in gluarakdehvde, the excised tissue

I samnple was placed in & drap ef gluwsraldehyde solution

on a pad of dentat wax and was carefully divided into
smalter blocks, Fhiese smallee sampies were replaced in
the ghuaratdelivyde solution for 1 hour and postixed n
f per cent phophiate-bulercd osativin tetronide'® for |
kit at room iomperature, They were then dehydrated
i graded alcoliols and propylene oxide and embodded
in Epor 812 according w0 the method of Lufu!* Speci-
n-nt were placad inte embedding medium under a dis
u. ting microsope or hanl lens so that otientation of
1 = specimen during entbedment coudd be controlled.
Thirk sectiony of 1 to 2 u and thin sections displaying
il intetference colors'® were cut on a Huxley nicro-
ne with the we of glass knives, Seclioning was <ar-
& nut in a west oriented specimen parallel Lo the plane
the intestina] villi. 'Thick sections were picked wp on
ik aTides el proceswd for Hght microsiupe sutora-
arapy by abe dipping technidprs? with Kedak xin2
NERE empttionn. wnd tien stored in Nighi-tight biack
xes b %1 Hovceks af B 0L Adwer exgunute, the slkies
o abevetograd b Zoneeriuies i -8 soluzion of Bk
thirie psrs bmdad £anzpany, Koghsmtor, Now Yrakh
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Fis. 1. Light miveruwope autaradivgraph of mecimen of deg
ilvum Temved 2 bouns gnllpwing intralucrndl dassiilanon of dioe
active vitamin Yig. Afvas enchosnt by recangles ame shown enlargal
in Figuine 2and 3. %75,

b, 2 Light micruscope anwradicgraph: of il ama showm in
Figute 1. Xowe ownmiarion of devetoped graing vecriving ppom
Frapment apiaclid to viflus pod absence of Fraing yiet Inwcninal sb-
waliing rells. 2N,

hie. A Light raisynecope sutawalingraph of cnpr area shown in
Fuuve 1. Sawioeitni o ol developes] grassa puerlics ansog G

of erapl,  ARKN

e

244




. A .rr-.-_n-_ i s “

PSR Lon A P e B L R T Sk S oA -~
[ 5 . : . :
- sHo WEISRERG, RAXIDIN, AND GLASS LammaToRy SrvEsmoare
. _ ! . o e g am e -
H ) i
’ .
. '
i ‘“H""“--..._ * i
N 3 . . L N
. i - ot |
. 2 -
i
i
. ! -
k. Jh
1
_ﬁ.ﬂ:..\. i ‘. X
i 4. Laghl micToRope asioadiograph of ilcume yemosud 2 . _ ]
hours fllowing karaluminal inniilation ol raltapctive liamin Ba . Frc. 3. Light micrexope aum_um:ugnph of ileuw Aemgwed 3
Woe pomocrirrtion of develppnd graing over vithie goblet reils (GE)  hours falbowing intraluminal instifiation of radiodcrive vimnmin By
and Lhe sharmer of graina over intesinal sbwrbing selis. 16, Developed grainy now overlic ditesiinal abawbing celln powl Lamudoa
- propra. 200,
P o T B T - S L "W. '1"'1"!"""'?"""*"’"‘
L B o . . :1-_:__..“-.
o
" ! ‘ i
: J .
- , . , .
A
. T
i :
E
L] -
F
]
T e T T e T e s T I a1 e LA | e s R
PRI RN T alatatuserapdy o Cubtamain - T ot Ly sgrborry ratiasim 50, aiul wurtutsbaig, crn b lahitl
1 O N TR TR POl DR TE TR Y L P PO BN I e B Lo P i:u-ll_IJ'Hl. R LS
£ PRI TR I WP R SR TR Y TET " WP LN o Ci] SV w

I ; ’ . PR e o N . LI
i . L - i . . e L I P
. " PP o r il LI s bl bl
L i i paabiri sl ki il sl uad e

2446




-::u-un- R o F Tl ool T =

b - TV T T

o 5, Na 5, 1968 INTESTINAL VITAMIN & ABSORFTION IN THR DOG, J11 e

wa -t anel hoied de ackd Ax for 10 minuges, Alter n ser-
o0 washing. the sections were sained with wohuidine
b and examined, .

. i wetiony were picked wp on Formvarcozted 35
e coppet gricl and were conted with Hlord LA emul.
sien. arcording 16 the method ol Kochler, Miihlethater,
ane Freywysding!™ with minor modifications, Coated
grii- were stored [or 3 to i months in Mack lightight
boxes at 44 G, Alter exporure, ETidy were develnped ina
172 sobatien of Kodak D14, then fixed in acid fix, double
siatiend with uramyl acetate™ andl lead citrare,® and ex-
amined in a Sicroers-Elmiskop 1A eleciron nlicTakcope,

RESULTS

LicHT MIcROSCUPE AUTORADIOCRAPHY

Autotudiographe of thick sectiors tzken fraig speci-
mens during the fint 2 bours after instiflation of radjo-
B,; are shown ia Figures | to 4. At chis riroe, radip
activity was localized in the muocows conteniy of Erypls
anl in the fragraents of faoces astached (o villi {Figs,
£ and 3. Radicactiviey contd also be swen within gullet
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cells in both crypes and villi (Fig. 4. but practically po
radioaciivity was seem uring this period within villme
alnorbing celis (Figy. 3 and 4). :

At 3 hours, the distrilmtion of Fadicactivity within
the imeestine clianged. Consideranle radivactvity wia
now localized within the absorbing cells of- the vittus
and in the undertying Limina propris alihoagh some
ralioactivity was siil) present within gobder cefls ampd
crypis (Fig. 5). ' '
ELecreon Micaoscore ALToRADIOGRAPTY

During the first 2 hours after instiifiztion of radic-B,,,
the. must sisiking Bnding av low magnifications was. the
frequent accuinulavon of radioactivity within goblet
cells of both crypes amd villi, seen Previously with the
light microscope. At higher maguifications, however, it
was additionally clear thar the rachoactivity was [oca:
lized in the secrecory granules af the pabler cel) {Figs. 6
and 7). Oceasionally, collections of radioaclivity could
also be seen within chaimels of endeplasmic recicuhurm
surrguading the central 'mass of mncous granules (Fig. 6).
In vertical secrions through the apical poie of some
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wovetd 3 houn illowing radicprhe
vHamtim B, mwmiilation,
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H ‘ﬂ Fe. 12, Gaks  oyveriie Teicrovilli,
. el termined web [(FEF), and ending i
- o roliomdom (ER), > 3180y,
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Bobler cells. madioadtivity cuuld Le seen attazied sioie)-
neousy 1o disolvel mucus aniside the eol| ol 10
P e granudes withio (fie cel} {Fir. T It ix therelore
Aprdterd freg Lhew Inicrora phis alhae ratdio-by . in-

teitledd intraliminadis f1 sar onfy attached 10 pricts dis
bt v The auefaer ol the inmtine bt aleg o the
Fodor 2o Wil g palde b o o dfe

I marle el e mwrion pakoen ¥ bwars pfrer

itraluminal instilttion of radio-B;, conkrmed the pres
ence o fadio-By, withiy absorbing cells of the villi {Figy
8w Ity The principal sites of localiration for radie-
By ot this time were the minens atiached o microsilli
(Fig. #), the areq of the fwrzy Javer and microvilli {Fig.
M rrad 1) ihe evininal weh tFigs. 9 2o 123, the Golpi
apparcie {Fioe 14 ! 4 soand along lateral cell pmeme
bratves and ininne weletay Huees (Fige 15 and 1), From
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¥ 32 Elelion micrescope wmesadionraph ol joeestinal al.
sorbing eIl from dleum repoved 3 howr foilowing dnoralaminal
inptiftation of radioactive vitamiy By, . Bevelopad gradns oveylie wi-

Urcac spaces the label appeared to }nn between adjacent
eells, through the busal Jamina ¢Fig. 16) and into the

cipillaties of the Jamina propria {Figs. 16 and 7).

Within capittary wabls it was foursd mout Frequently over
the sumerous febestrae which puncouate the endoiheiial
ctil cytoplasn (Figs. 16 and 17} A guantitative de-
wrmination of the frequency distribution of developed
Rreing owerlying intraccllular sites in 80 well orlensed
inteatinat absorhing cells is shown in Table 1.
in the region of the microvillous border (Figs. 10 and
I the large sise of developed grains preciuded the pre-
e localization of reclivactivity within or Lezween ad-
;e microvilii because in each Instance & single grain
- "wnyy overlapped both the micrevilious znd intermicrer
“tllenns space. At points of eniranee {microvillom border
il \erminal web area) and exit {lateral cell mem-
rehes} e and from the cell, na specific ultrastructural
L either vesicle or tuhule, coald be seen to iranspest

bel int or out of the cell. Fiatly, in the lamina -

T 02 acewmibation of radisactivity within Iym-
bt Lhannelb wa. ween,

=t i

minal weh (PR} el channels of the etdoplasaie Teicwum (ER),
K3 0

DISCUSSION

The present sudy has described in ultrastructural de-
tail the ineracellutar pathway of inwestinal vitamin P,
ahsorption tn 1he dog. This pathway in illuerazed sche.
madcaily in Figure 18

The most striking findiog was the earfy localizadon of
radro-B,y in the mucus econtained in Crypis, antacked o
villi, and in the seaetory granules of goblet oeils in both
aypts and ¥iili. This plase of artachment of By, to in
testimal goblet cell nracus corresponds in vme w the
initial phase of intestinal B, absorption described In
binchemical investigations aml termed “suriace adsarp-
tion" by Okuda.' During this phase, 3,2 adhberes (o the
intestinal mywcosal surface by a calcdumslependent band
which may he dissolved by the addition of ethylenedi-
amdneteiciacetic acid. Since 2 number of mucoproteins
contain cakium honds linking amino and carboxyl
gronipy which are susceplible ro the action of cthvlened;-
aInmeletrascetic acid,'? the poachoent of B, to intesti-
‘03l mucus dewribed in the prosent study may be the
mawplologie equivalent of the surioe adwrpeion i
sritrl in biichemnical work, 5
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Ficx. 13 ann M. Eleciran aticposcnpe st ograpla of twi -
v innl abmonbing ol from v emowed 3 bouss ollowing rdio-
mtive viabnin fy metiltaion dwwing concergion of derclopet
gErius over the Lolgi ceglon (). Foune 13, X 1BO0K Figure M.
5,000, .

Tlhe imporiznce of the preliminary bimling of By o
mnrus during the proiess uf alwarption is suggesed by
the recem Beelings of Rothenberg.® In hiv srodics on
B, alworpeiog e guines pig ilewm, Rothenbers has
B War 2 sic oist By atsofprioon imvalves L Bnwling
of ¥y cwraplox wr g s resalesular factar, probably
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Fu, 15, Anwratiograph of basal portion of intestinal abaorbieg
cells aml lamine propria Fom dewn remmed 3 bours bolkwing
rudicuctive vitamin B, iosilfation. [kevcbped graine oserlie laceral
]l mombranea (LCM) shove the kasefnrnd  mrctibrawe {BM

" R0

a protein, present in ieal mucosa, i may be that thisis 2
mogaotcin of gobler cell origin. 1 trur, this would

‘paint to a ke fur the gebles wel componem ol e

pevtiteal mucts in pie phase of the alsoryion uf oo

PR LTS,
In is ngt cemaio, however, that all of the mucwr
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Fic. 16, Autorsdiograpk of heol poriion of inestinal abartsing
erlh 2l Lavaina propriz from jleum removid 3 heun Fulbrwisg
radiacrive vitamin By, instillacion. Devoloped: grainl veriic s
wilulay spaor (FEF), basrnwmt mensbebte (BM), sl firarivabet poy-
tros of capiltary enibeibclinl ooll wplasm. 34,000,
lensmid racio-Byy observed in the petsent atndy represents
L.. that subsequemly enters intewinal lworbing cells.
1 the rar, at least two kirls of srrface adsorplion have
. +n describud, M one representing 2 phase of the proces
" physinlogic abmorprion and 1he other & nomspeific

we mediated by non-dF mucoprostine, mot part of the

: ~aptive process. ki the dog, on the other hamnd, the
- mikhtance of the adsorptive phase may be different
np 1hat in the rat or in olber species in which g
witption is §Fdepondent. in parullel studics im the
e e have e wiable o demtily IF in the
vasth aend gt nor g fasd any evidenec Lhat
- entiad By alsurption is TFdependent in ehein spancies

A

P

‘ e

o, T, :

Ev:. 17, Auormliograpk of lnnina propria qpillacy 3 heun fol-
Wwing radicsciive vitamin B, ioeillatioa dhowing dexcloped grain
oveilying fomestration v capillery eudothelial cell oy topline,
w800,

At 3 hours after intraluminzE instillation of radio-
R,y alone, radioaciivity win localized, by light micro-
scope autaradiogtaphy, 1o intesting] atworive cells and
undeelying lamina propria. Simce the rastio-B,; instilbed
wis nod bound 10 1F aml sence the intestinal sies had been
trorougidy washed prior to wmdicB,; invillation, 1hee
results supprort our previnssly reponied hdingsT that
physiologic Bz atsorption in the dog imesline may pro-
ceetl in the abnenoe of IF.

At the virastrunurml
pathwaj was seen (o commenoe M the i puvidbow sur-
fwce ol e mucoal ool the lange size of devehiped
grainy prodosied deir precee localintion widhin or [T

EETRE PR P Sakrn

level. although the almargaive

R D

TRAT St ok b o S 1+ s CL ] g o e e e .A
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ent time, however, which indicates (hay the i
villows moembrane doca participate in the B,y absorpdve
»
Peneath the microvill, radio-B,, was localized to the
erminel web arep amd was 1ot awociated with any un-
delying tuhular of yegicular sysiema. In purticular, po
pinnepdiic vesicles were ¥eee regujarly associated with
developed grains. Within the limits of the technique ol
ficauiomand prescrvation weed here, this intizaics that the
B,; molecule and it rartier prottin are moving through
acnse opfluter matrix belare yeaching channels ot endo-
plasmle; peticulud. j
The absence of pinncytotic vesicles jn the terminal
web rrea asspciated with radio-B» alsarption it some-
what at varlanee with an carlier report!? in which
maximal By absorplion in the visceral yolk sac of the
rar in pitre was amociated with 2 free surfuce appear-
ance giaraceeristic of & pinocytotic membrane. The up
ke of radioB,y by pinocytotic vesicles, however, was
not divecily demonsizated in that study. It is also not
ceetain: whether the visceral yolk sac of the rat and the

adult dog intestine absorbs nutrients in a comparable

TRARIMEF.
Bengath the werminal web ares, radio-B,; was localized
peincipally in rouglh endoplasmic reticutum, Golgi ap-
g, and intercclbudar spaces. This pathway has also

- heen described for f2e absorprion, with 1he exception of

o sorbwliat mote prominent role of the smooth ST
ol endoplusieic reticulum during that procesal. 1. 19. 20
“The results of this stbly s well as thow for fat absorp-
tion ipdicatr that this penerat imracellolar roue is a
fundwmenial one wiich may be shared by a variety of
AUITRENLES.

Thik pathway is clso consistent with some Tecent bio
chieniral olmervatiars. During passage through the rat in-
festingl mucosa iR zive, the B, muolecule has been
showr, LY fractionation o Scphadex G-104 colurams,
be boyird to proceins with 4 mobecular size of 100,000 or
greaiek before the roolecule undergoes final attachment
1o seyum proweins and subsequent removal by the ciral-
Jationit Because the endoplasmic neticulum and Golgi
apparhtus are known siles of protcin synthesis, these Bz
“ranyport” proteins are prabably synthesized  within
endogflasmic reticuinm and Gelgi channels and com-
plewed with absorbed By a3 it passes through them. Al

Taptr 1. Fuxgexacy DisywbCrion OF DeveLorsl: CGmams
CHERLYTHE LMERACELLULAR Srres ™ B0 WELL ORENTED
INTLITEN AL AmomiTa CELis

Fa. 18 Schematic [thorration of the ultranruciura] pathway for
vitimain By, abeotprian in the oy juresting, B.. § Goet bnand 10 sur-
Eatr mucus (1) and to mucus gramgle within polrler cxlis . By
thea “porcirates the intestinat absoaptive <ell, moving thowiigh she
ares of o Faleroniltl 170 werminal web (¥, rougle v oplasmis -
ticalym {3}. and Golgl apperatus {5} Ir then leaves the oxil via the
laterad Wbercclbular spacey (7). prowirles the hasmenn mombrabe
oy Snee ke kimiina propria (9, and tnters capiilavkes of the kaina
propain acrom their Lenostraved endoihckum, Tnachinpeed arees in-
‘::::’bu;.ht pomibiiiy that some pupreound Ry i excrried 18-
L b

though the role of these proteins in the transport of

B, is not completely wnclerstond, Gristeeck® has recently
suppested that the serum bimder manscobataniin 11, to
which By absorbed irom the intestine is normally found
attached in the bisod, is synihesized withis the inwestinat
cell. Their role may thus be analogous w that of the
tow density lippproteing which arc synthesized during
fat alsorption within jntestinal cells and which then
participate in the Formation of chylomicrons, the form
in which absorbed fat is wransported in the blood

In its hmal phase, the absorptive proces consisted of
the moverment of radio-Byg from tateral inteaceilular
spaces ditectly through the Lasement membrane into the
lamina propria and capillaries of the Jamini propri.
During its passage through capillary walls, developed
grains were Juralired must lrequenty over the numerois
Fenestrations which characterize the intestinal capillary
endothelinm in tiis species. Thew fennestrations setil.
therefore, 1o function as sites of entry for putriens abe
sorled into the Greulation, No appreciibie radigactivity
was scen over lymphatic channels, wlich is in line with
eatlicr work?t indicaling that jnrestinal By aibsorplog

in the dog proveeds mainly By way al the portal cirenla

Call cmmtilinrml Mo, o praim *, o 1ot groin cogut
Micravilli M 8
Terminal weh 54 -4
Endoplapmic reticulun o 2%
Clolss wpparava 1] 13
faterad celi inemniramsd {and.J 40 11
- Jestertrlulne apmces]
Lysosoamies 1 .k tion.
- Alins Tutsrudht Wl Il ] l 3
| S .. [ ala s —a e

sudy has viwalired the sturacellular pathway

" ar—t

amy, - i S Ay

tn condurion, it must be emphasited that rhe prescirt
of in
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. af Byy absorpiion in 8 specics in which 1he proves
of : , nbsorplion docs ot appear 1o/ be 1Flependent ¥
» © iy by no miEans ceriain whether 1he sape uitra-
sin oAl sequene would hotd for ather specits in
whi 1 physiologic absorprlon is TEdependent, nor
-whe her it wowhl be the same pecewarily for supea-
phi iologle doses ol Byg-

A haewicdgments. The CoP Ry was kindly provided
by Dr. Edmer Alpert and Dr. Charles Roserblum of
Merck Sharp anl Polune Labomatories, YWest Faint,
Prunsyivamia,

Asvepted Eor publication July 27. 186A. This paper was preseniod
in part 3t the Anniwal Meviing of she Eamemn Seciiviz of the Ameri-
an Yokeration bor Clinical Rescarch, Phikudelphin, Pennsylvania,
Dreprusher B 1947, :
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Vitamin B and Fnlnin Activity in Normsl

Hamais Plaslets
By iarver J. Wist, ALAN KELLY a¥p YICTOR Hzmwerr

LTIIOUCGH the vitamin H,: and fnlate contents of hwman erytheocytes wnd

leukoeytes hirve boeen establislued, jnformation roganding the content of

Pyege vitaming In normitl human Plumir.ts is lacking, The results of studies b
dctermine theso vitlucs are preseated hese. -

METHORS

Preportion of pluteicts. YVonous Dilnexd Trom anmal male ami fomode subjects, ngcs 2047
waz mived (i1} wilh 1 per vent FIDUA in QLT per cent salinm iy silicemizetl iber ancd centri
fueged ot 280 rpm o o II-2 centriinge for 3 minules te alstain, platelet-rich plavmme {mwr
Bubmeeuent crolringitivon werd an 0 rpo amd 4 O [or T mbnder A platelet b
ey olained by cenlrifuging he UREF, awd Use plaelels were wodioel 7 tiees with ane-half
ghe plasma vohow of cobl 05hi imidnasle-lwflerrl isntanic saline, pll 7.3, contalning
9.1 per ceat EDTA, in wilicomizedd, pradhisted MeManght talics. Wliere necessary, conlani-
mating redd (olls were porisyend during the wardliings.
¥itamin ), studics, The waskicd, packal plitelets [rom each of 168 nanmal solijecty were
gumprncled i rolonic saline in a Bnal concenteation al 1 por crnt {¥fV) anel the platelos
counteyd by phase miciscapy. Tlue suspoTAiNL containtd wo lrukecytes atl 030 red oolls
per 10+ plateleis. 1n ooy to sxdmact vitmnin Byg a2 arbubide fotin puitable [or microbiolopi-
ral puay, the platelcls were dimupusd sy wlira-sonic yihrmlion, This wos achicved by
" peleating 2 mal. of the platclet mepensian, snereeil o der, for 5 minutes at moaimal

weaphitncle.® Adter ths protelure, ™o plutckels or plotefat fragivonts wero sec by phase -

microezopy. The soniculd wid then conirifnged at 24,000 g for 0 minvics at 4 C. arel 1ha
sopemalaut yemoved and stored B 2-10 duys at =20 C Vitamln Byg activity in Lhe sugne-
natant wos assayrd micraliolegicadly. o a 1:10 fivsk dilutiou., ning Euglena procilis s Ui
tost ocgonism! al the Iy q petivily io platclets paprossed as eillier PR per 104 el ar ps; e
ml. of packed plutrlets.

Folate. Wished, pocked plabelrts weee susprinled, in & L poe cout VIV concenbraiion,
in 008 M phosphate baller, pll 0.2, collaining 0.5 per cent ascocbate. The $UspEnsiquk
were poricobed, ventrifuged and tho supernatnats stored a1 describod For Byg assay., Telale

sgJison Ultensonic Disintegrate: g0 KC, 200 W), Edison [mstruments, Inz., Ralsway,
New Jeoiey, )

A ————— e —
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VITAMGN B3 AND FOLATE ACTIVITY N PLATELETS =a

‘Table 1, — Vitamén B,, and Folote Valnes

. \l'lunhlu Folale
bt ool T 1.5 B et 13 5in i Saray
1- - oL 55 EYT] To 0.18 118
g 1000 28 481 i 0.1y BE
3 LiQ0 T 0 — BB
4. 1600 — M8 8O — 14
5. .- 0w ' 28 . 842 € 0.6 —
at it ] -1 200 L] 0.13 57
T ' 4@ - — 403 1 — 198
- 8., ;i 1800 o 58 400 40 0.14 E5
9 . I . &7 288 40 612 BN
Cae. 1100 -S| a0l T 0.16 8T
Al 1md i 29 850 0 0,17 . A
13 LT 1108 i.l:' | —_ ¢ e —_— — _—
. ].3 . o lm :'!' _l..:-. 'E:? — L ' — . —
M4 - L 1e T 2T —_ — —_ -
% 1100 24 Ce— — —_ —_
1.5 - Bog. " 12 R— — — a—
Mean ° 1808 s - a7 0.15
5.0, aTe 14 36 e '
‘Kange 8008100 12-57 : 4170 0.11<0.18

Ectiyity o the lnpulutuﬂl was nssyed miivoblolagioally walng Loctobgotlur cevsdd Tn

vrder to obtaln valoes wikhch could be sead From the linewr porthon of the sfamdard curve,

10 ml abquets were mmyed and cerdls ware axpressed a5 nip por @l of pecked cals,
Faflure to add ascorbate o the sugpeeston medis rautiad o markedly lower Golste arthvity,
a5 previously repocted for ssruon ¥ Phatelets wmdecwent marked dumping in the mcochate
buffer 4g that it way not possible to connt them, To estimote the platelet Tolote content, the
oumber of platelsts in the 1 per cont arenbote suspansion For each mabject wis wgeumed to
be the same as that in the 1 per cent seling auspension prepared on the same day for By
o Rempirs
Vilamin By,

Total B,, activély { Table I), The mean plateiet B;y concentration in 18 not-
mal subjects was 1288 pg. per ml. of packed cells, with a range of 800-2100.
The mean platelet By content, calculated from the platelet count of the 1 per
cent suspensien, was 3.5 pg. per 10* platelets, with a range of 1.2-5.7. There
wis no correlation between serum amd platelet Biy petivity (p > 0.10). In 2
patlents with Glanzmann's thrombasthenia, platelet B,y concentration was nor-
mal {1100 axd 1500 pg. per ml. packed cells ).

Folate .

{a) In 11 sebjects, the mean platelet folate concentration was 87 ug. per ml.
of packed platelets, with a range of 40-170, The mean folate content wis 0.15
ng. pet 10° platelets, with & range of 0.11 te 0:18. The linear correlation be-
fwoen serure and plotalet folate was significant at the .10, but not the 03,
leve] of probaliflity ( [r]s = .553).

(b) Effect of incubating plutelets with plasma prier to assay: platelets were

-washod 7 times, suspeaded in 4 158 (V/V) concentration in ascorbate buffer
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200 ' : WEISA ET AL,
Table 2.-B,, and Felate Valuss in Bloo Components

E, ) . Fodute
o Pachud wellc Pa/ 107 cally peched oula 2L colly
) T1%63 25 o7 0.1%
Platelets {60021 00} (L2 %7) (46-170) (11-18)
2051 LT74 1 L6
Reod Cells (f2-512) (166-840)
70808 g " B 27.30
White Celly (100-800) (37 1es
_ToRg 200
(245-805)
Anr 20
Setam (103 g2 {5-25)

“Caloulated From vahues reported a5 pgclD cally on the sirumption that 050 ml of
packed Jaukacytes contain 107 sefls, 14

YCaloubanid Froo: valoes teported per m! of packed cells an the wesamption that 1.0 mf
packed sed calls contain 1.9 x H07? pails.

Fipars showm dangts mean and renge of valnes,

- and sonicated. 2.5 ml, of the somicate was incabated with 0.04 m), of platelet.
free plasms from a normal subject at 37 C for 80 inuges, The ratio (V}V)
: 04 -

of plasma ty platelets in the Ihcubation mixturs mm = LIT. As'a

Velues Otnoined in Extracts Prepared by Freeze-Thawing ST
Platelet suspensions from 3 subjects were either sonicated or frazen snd

per
cent of tie H,, activity and 125 per cent of the folate activity found i those
obtained by sottication, R '

Driseogeron

The B, eoncentration in platelets is zbout sixfoid that in the erythroeyte, ¢
one-sixth that in the leukocyte,54 and 3 times that in serum’ {Table 2). The
contribution of platelets to whole blood. B,, activity would, however, be sra]]
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YITAMIN Bz AND FOLATE ACTIVITY IN PLATELETE 261

14 that in red cells® {Table 2). In whole blood whose platelet coumt wag
00000 per cu. mm., the folate activity contributed by platelets would be
0.4-1.7 ng, per ml. Toennies et al.* reported that the measured folate activity
in erythrocytes was strikingly increzsed if the cells were incubated with plasma
prioe to disrupting them by osmotic lysis. This was confitmed by Hoffbrand et
al? Toennics et al. also found that the folate activity of stromal-free red cell
axtracts wat {ncreased by incubation with plasma and postulated the exist-
eo of a plasma factor which converted red csll folate to a more active form.*
In the present study, no such plasma activation could be demenstratad for
the folate peesent in platelet extracts,
Byy and folate activity can only be assayed as soluble vitaming and, hence, it
was not possible to assay the small pellet which remnained after the sonication
: pdure, It is possible, therefore, that the actual platelet By, and folate con-
tents are higher than those reported here, a reservation which wanld also
apply to previous studies in which these vitamins had been extracted from
oelly pnd tissues, .
" In buman folate and By: deficiency, large megnkaryocytes with multi-
segmented wuclol are often seen. The thrombocytopenia which may occur in
thesa conditions is presumably the result of impaired megakaryocyte matura-
tion due te defective DNA synthesis, simifar to the maturation defect in eryth-

rocytes and leukocytes, Like the mature ted cell, the cireudating platelet con- -

mim po DNA and only small amounts of ANA® and lacks, therefore, the
major tequirement for both Bis and folate. As in the rpd cell, however, the
* platelet contains both vitamins in appreciable amounts. Whether they serve
any useful Function in the circulating platelet is not clear. In pernicious anemia,
the circulating platelet may be functionally aboormalt'!? The recent report
that platelets are capable of protein synthesis also suggests 4 By, and folate
mq“mﬂnt_lﬂn.iﬂ

SUMMARY

The vitamin By and folate content of human platalsts have been determined.
The By, coneentration was sisfold that in red cells and one-sixth that in leuke-
aytes. In normal whole blood, with a platelet count of 300,000 per cu mm.,
the B,; actlvity contributed by platelets would be 8-21 pg. per ml The con-
tribution of platelets to the folate activity. of nommal whole blood averaged
0.4-17 ng per il The folate activity in platelets was ome-Bfth that in an
equal volume of red cells, but unlike red cell folate, was not increased by in-
vabeting platelet extracts with plasma,

SUMMARIO IN INTERLINGTUA

Essove detorminste o contento de vitaming By ¢ de folabe in plachettas buman. Le con-
ventration de B, esseva sex viees fllo trovate in erythrocytos € wn sexte illa In lencecytos.
I4 normal eangulos totel—con un numeration de plachettas de 300,000 per mm*—le con-
tribution de plachetias al activitate totsl de B,y caseres inter 8 o 21 pg per ml Le conbribu-
tisn del plachettas al activitets folute in notmal sanguine total eeva inter 04 & 1,7 og per
md, La activitate do folato ia lo plachettus essevn un quindo de {lo trovale in Ie mesme vol-
umine de erythrooyton. Tamen, per contraste con lo qoe vale pro folato crythrocytic, e

folaio pal:hettal non esseva augmentats per ke incubation de extracte plachettel con plazma.
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Binchcmical Rulc of .Vitamin B,

HERBERT WEISSBACH AND HERBERT DICKERMAN!

Lobaratery of Ciiwical Bioheniisity, National Hfwirt Tnntitute,
Natiowal Tnxlitutes of Hislhtk, Flathesda, Marylend
. o,
FROM THE FIRET REALIZATION that pernicicud anemia can be cured by dietary wup-
plementation {7sh congiderable interest has contered on the active therapeutic
principle. The isclation af vitamin Bu b,ﬁdimthylhmimﬂﬂnhrlmhlmidt
cyaaide {cyano-Bu)} D 1948 (09, 105 197) and the subseguent clucidation of ity
srachizre [*g)'pmvidud the work for sudics on the mechanism of sction of
thia vitamin.* That the ¥itarmin wal functicming in biological reactions ja_the form
of & coEnFyine, anglogous © the situation sen With other vitamins of the B group, :
seemed guite probable, eapecially in tight of the minute levels of the vieamin !
aeeded to satisfy outritional requirernenis. ]
The iolatoen of dwxyaﬂcmuﬂ-ln, the first coenzyme jorm of cymno-By ’
(Fig. sh by Parker and his group (5. 5.6) proved this postulave and initiated & new
in the updertanding of the role of eyano-Bu in metaholis. ‘
This review attempls 10 gumamarize recent srudies on the biocheminey of '
deoxyadenosyl-fin and velated detivatives. After a brief introduction, the chemiatey °
of these compounds and their role i enzymatic ccactions and animal physiology
are discussed.

———— =

|
i
.
BOLATION, STAVCTURE, AND OCCURRENCE :
Studies on the fermentation of glutarmic acid by cell-free extracts of Clostridiun i
. utemomorpham (4, 1a7) led to the isolation of the first coenzyme form of cyano-Br '
{5). Glutamate i comverted by & series of reversible reaction: 1o aceiate and |
pyTUvale. The initial reaction in this paqUETce involves the jsomerization of glot- ,
mate 1 A-methylappar tatc. Treatrhent of the cniie enrymE preperation with
— :
' This review docs Dot inchade work published afver jenuary 3t Lgb4. it 1hould alse ke
mared that pcveral excellent reviews O wigatnin B have wppeared in fecent yrarn which may b2 -
of help to the resder. Theit ieclude: Beok, W, 5., New Engl. J. Mad., 766: 708, gbs, By, b
Glas, G B o, Bawsinl. Ree., 457 524, 161 witarmin By Comymes, Ans. K. ¥ Ared, Sei, Aprd!
1of3. .
\ Eatabtished Investgator of the Arnerican Heart Asiociation, ine, :
1 Tne follrwing ghbreviations 476 ured . eyanp-Bu: 5,ﬁ-dimﬂhﬂbcﬂim1duulglmbnmid: v
cyanide; Bugsi # educed form of the Jitamin having cobalk it n walemoe atebe of 95 hydrideBu: B
a zechectron reduced derivative of the viramin. factoc B: the vitarnin minus tht nuckeatite;
deoxyaderoiyt-Baat 5,fr-dim:th‘ylhnrrzimid;mnl',rh:uhami.dc 5'-dmuya.du1#3rl.; methyl-Bia byl |
By, Bt 5,ﬁ-dirmthylbcnzi:::idaznigri:uhamide nacthk, erhyl, t6; AMie: $du.d.t'mlfltr|.elhinnl.nr:.
meghyl-folate-Hi: N'—mrthyh--rmhydmfulic acid; FIGLLR: far o noglueariic acid.
Bt
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yeg-hry
C C-H
~C o H
Bt W GeCoCC-CH

Casnzyme Bqg{deoryndmanyl-By

¥itmmin Byy

{Cyume-Byzt
Fac. 1. Bructure of vitamin By (eyaco-B,e) and a schematic repeattitation of the pructure
o comnayme B, s (dwoxyadeaciyl Bey), The cotosme sontzin a §'-decxyadeooty] group atteciid
© the cobalt in place of the cysnido mokety of the vitadn, Other alkyl-Biy derivaiives (methyl-
By, ethyl-Bya ec.) differ from the vitamin io that they matain the albyl nusiety i place of
ryacide, Hydroxy-Byp containg a hydroyi group in phace of oyrnikde. B differs from the vitamin
i that the cobalt I-1n the divalent (nof wivalent) stae (roducdd by 1 eleetron) and bydeide-Bi «
 thowght to contsin monsvalme cobakt (reduced by 2 etectrara). The scrics of compountds
reliwd 8o adeninyleobamide-cyanide contain adeaine in pluce of 5 S-dimethytbenztmidarals in
the viLamin srecture. Factor B lacks the entire mucleotide (4, 6-dimethyibenzimidagok-ribose-

M.

tharcoal (5) resulted in loss of isomerase activity, which could he restored by the

Mdition of & boiled cell exiract, an indication of the prescace of a cofactor. After

ncimtion of the active material, spectral and degradative studies (131) indicated
Bt the petive factor wae a derivative of adeninylkobamide cyanide, in which the
| tyanide group was replaced by an adenitte nucleatide. In subsequent studies by
Barker and his group (6) the corresponding coenzynie derivative of cyano-By was
Holated (Fig. 1), although both the structure of the adenine nueleoside, character-
itic of ali the cobamide cosnzymes, and ity linkage to the cobalt were atill net
koown at that time, The case of crystallization of the coenzyme derivative of cyane-
Bs made it possible for Lenhert and Hodgkin {67) to carry out X-ray crystzllo-
graphic investigations. These elegant studics clucidated the exact structure of the
tocnzyme. Asghown in ¥ig. 1, the coenzyme differs from the vitamin ocly in that,
n place of cyanide, there I8 a 5'-deoxyadenosyl group attached bo cobalt by the C3
of the 5'-deoxyribose moicty, The cobalt, in the coenzyme and the vitamin, i in
the trivalent state, The structure of other relatcd cobamides mentioned in this
feview are explained in the lsgend of Fig. 1. The coenzyme was found to be the
Tijar cabamide derivative detected in 2 variety of microorganisres (136) as well as
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BRIEF REPORT

Vitamin B. and Folate Activity in Normal .
Human Platelets
By Hanvey ], Wian, ALay¥ Emir avp Vicron Hesserr

LTHDUGH the vitamin By znd folate contents of human erythrocytes and
Jeukocytes have been established, mformation regarding the content of
these vitamins in normal human platelets is lacking. The results of studies tu

- determine these values are presented have.

MerEODS

Praparation of platelsts. Venous blood from normal made and female robjsets, ages 204n
war mixed {5:1) witl 1 per cent EDTA in 0.7 per cont salina in silicontzed tubes and centri
faged at 2500 rpm in a PR-2 centrifuge for 3 minules to chtzin platelat-vich plasma {PRF
Subseyuent certrifogations wera at 3K rpm and 4 C. for 30 minutes. A& platelet butio,
was chtained by cetntrifuging the BAP, and the platelels were washed 7 tmea with one-half
the plasma volume of cold 058 midszce-buffered Bodooie saiine, pH 7.3, containing
0.1 per cont EDTA, in siliconized, graduated MeNaught tubes. Where decetiary, cootami.
nating red cells were cemeved diring the waehings.

Yitamin B,, gudies, The weshed, packed platelets from each of 16 normal subjects were
swprnded in isstanic saline in 4 finad cpocomimtion of 1 per cent [V/V) and the platelen
eounted by phase microscony. The suspension oonteinod oo Jeukeoytes and 0-30 red celh
pex 107 plabelets, In order to extract vitemin By in & soleble Form nutabb: for microbialogi-
cal wssay, the platclets were disrupted by wlra-sonic vibrakion, This was achieved by
moleating 2 ml. of the platelet suspengion, lwmersed dn ice, for ¥ migutes at maximsl

amplitude.* Aftor this procedure, no platelats or platelet fragments were seen by phase -

wicmscopy. The senicate wos then contrifuged at 24000 g for 30 minutes at 4 C. and tha
supernztant pemnved: and stored for 2-10 days st —20 C. Yioamin By, activily in the zuper-
satunt wes assayed microbiclogically, in # 1:10 Hask dilution, using Eupglens grocili= as tha

test organisml amd the B, activity in platelcts expeessed as gither pg per 109 ealls or pg por -
 1nl. of packed platelats, .

" Folzte, Weshed, packed platelets were susponded, sl per cent YV conuenu'ntim,
tn .05 M phosphate buffer, pH £.2, containlog 0.5 per cent ascorhate. The suspeosions

were sonicated, cantrifuged and the supsnmtauts stoced as deﬁ:ﬂb-ed for By wsay, Folate.

*Edison Ultrasonle Dininhiratm (20 KC, 20 W), Ediaon Imm I, MWE}'. :

Lo

From the Departman: of Hemotofogy, The Mouni Sinal H&si;mrl md School of Medicing

of City University of New York, N. Y. . _ _
‘Supported in pat by United States Army Reweorch and Dacelopment. Contromt DA-43-

I63-MD-2702, Vnited Stctes Public Henlth Service Granta AM 060584 and 09083, ond the

. Albert A, Lict, Fraderick Machiin and Asas Futh Lowenberg Funds.

. First submittad May 31, 1967, accepiad for publivetion Sept. 83, 17,
© Hanvey | Wems, M.D.: Ast. Prof. of Medicing, The Mount 8inal School of Madicine,

- New York, N. Y. AvaN Kmoy: Fallee of Wisaror Church®l Memorial Trunt (Augiralic]

ond Resegrch Felfow i Hematology, The Mowne Sincd Hospital, Vicron Hemeserr, M.D:
Frofassm of Medione, The Mount Sinal Schoal of Medicine and Assoigte Director, Depart-
ment of Hemarology, The Mount Sindl Hospital,
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in animal kiver (124, 130} accounting for as much as 8o % of the cobamide com.
pounds present. The lebility of the carbon-to-cobalt band i déoxyadenouyl-p,,
{see below) very likely accountz for the failure to laclate the comayme previous)y,

CHEMETRY

The presence of & mbalt-m-carbon bond in the By coenzymes (Flg. 1) z¢.
counts for many of the unique properdes of these compounds. Viaible lighs,
cyanide, nnd ncid (r31) cleave the cobalt-carbon bond.

Light Inactivation

Brady and Barker {15} showed that, in an anaerobic environment, visihle
light causes & homolytic cleavage of the carboa-to-cobalt bond in the coeneyms,
yiclding By, & one-clectron reduced derivative of cyane-By; containing divalen
cobalt Upan the additicn of air, addation of Bue to kydroxy-By occurs. Tw
sdenine-containing compounds, first scpasated by chromatography on a Dowesx-5o
rein (131}, are formed during light degesdation of decxyadenceyl-By in the
prexcnce of oxygen. Thele campounds have been identified as sdencaine-s
aldehyde {51, 53} and 8:5"cyclic-adencedne (52} (Fig. a}. :

Acid Hydrolysis

Treatment with 1 N HC at 100 G for 20 min cleaves both the cobalt-carbog |
band in the coenzyme as well as the aucleoside bond and liberates free adenins |

® _NHzN ®
5 0<N1|N)

H-C

OH OH OH OH

Fra. 2. Swucivres of adenine-containing commpounds formed by light ieactivabon of the
cobamide coenxymic A: adeootine-5-aldehyds and B 8ia'cyclic-adenmine,
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ard & sugar derivative (1491}, Hogenkamp and Barker have identified the sugar

- produced after acid hydrolyais as 2, 3-dthydroxy-a 4-pentenal (50).

Q. 0H OH
H

Cpanide

Alkuline cyanide readily cleaves the carbon-to-cobalt bond in deoxyadenoceyi-
By, forming cyanoBy. The decxyadencayl nucleoside aloo i cleaved, Liberating
kec adenine and the cpanohydrin of ¢, 3-diliydroxy-d-4-pentenal (53).

Chwmicel Syxtheriz of Davxyadenosyl-Bu and Relaind Derivatives

A notable advance in the undersmanding of the chemisiry of deoxyadenosyl-By
has come from studies by Smith et al. {108) on the chemical synthesis of demcy-
senosyl-Hy #nd its derivatives, i.e., cobamide compounds containing a carbon-
t<obalt bond. ‘The general techoique involves a twe-glectron reduction of

. bydrowy-Bu or cyano-Bu to & derivative of the vitamin containing univalent
. tobalt {hydrido-By). The reduction ia readily performed with NeBH,, chromous

wetate, or zine dust. Hydrido-By has characteristion of a metal hydride (rag). kt
atable only uider anacrobic conditions but rapidly reacts ‘with alkylating agents
wfortn the corresponding alkyl-Bjs derivayive. Thus, on: reacting hydride-By; with

. §'tazyl-2’y -isoprepylidenc sdenosing, a derivative was obtained whick could be

wagily convertod ta deoxyadenosyl-By (Bis coonzyme) (106). In analogous fashion
methyl-Bys, sthyl-By, ¢te., could he prepared by reacting hydrido-By with the ap-
mopriate alkyl hadide. Tackeet et al. {120) bave shown that hydride-By i oxidized
w8y, under anaerobic conditions, the eate of the rcaction being dcpmdent o the
PH of the medivm.

Dalphin et al, (37) have shown that alkyl-By comspounds an be prepa.md by
the reaction of an alkyl halide with subiio-Di, the latter compound prepared by
raction of hydrony-Ba with & sodium bydeveullite. Tt is postulated in this case that
the active cobamide species, reacting with the alkyl halide, connaina cobalt in the
divalent state.

Engymatic Synthesis of Deoxyadenotyl-Bu

Cell-frec systems that can convert cyanc-By, or hydraxy-Byy to deosyadenosyl-
By have been described from Propionidacterium thermanii {16, 17) and Cf tetans-
mrpimm (86, By, 133, 133). The reaction requires ATP, reduced flavin, and a
Withydryl compound. ATF serves as a substrate, trandetring 2 5"-deoxyadenceyl
Molety inkact (B8} 1o the vitamin to firm the corzyiae. The three phosphates of
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ATP in the C1. detaromorphum Fystcm ase released in the form of inorganic e
pdyphc&phntc {Bg), and thus (e reaction i dencribed as Tollows:
N " ey nd eoosine
\Jh/ + ATP uih, g W + N + P—P—P
TN " /TN
1n the enzymat; Sysem frum'P.-.rhm;mit‘. pyrophasphate snd jnorganic photphate
are the products of the reaction (7).

The need for reduced flavin roggets that the reaction may involve an nitial
reduction of the vitmin to a more cediroed eobalt derivative, which could condense
with ATF 4o form the coenzymme. This renction would be analogous to the chemical
wynthesis of degxyadenoryl-Bi described Dy Smith et a, {106). However, studics on
the release of cyanide from the vitamin and spectral changes during counzyine
synthesis (133) have indicated that a reduced jerm of the vitamin is not an ohliga-
tory intermediate during Cocoryme synehesic. [t should be noted that & variety of
cobarmnide Eorapourds perve a3 subatrate in the enxymatic reaction, including larwr
B (17} In fact, the decxyadenosy] derivative of factar B has been solated from
patural sources (85), which suggest ¢hat the carbon-to-cobait bond may e fartned
at an early stage {facter B ox before) in the bicsynihesis of the By coenzyime.

Rols of Cyang-Biz in Eneymatic Reachians

There are now four defined enzyrmatic renctions which show a requirement ko
a cobamide compound. Deoxyadenosyl-Fy has heen shown to be required in three
of these reactions, 2nd & cobamnide-containing proicin i involved in methionine
foemation. '

Shoctly after the demonstration that 4 cobamide coenzyme was easential for
the isomérization of glutamate t0 f-methylaspariate {3}, the isomerization of
methylmalosyl CoA to sccinyt CoA was ale shown ta be a cobamide coendyime-
dependent reaction {41, 66, 107, 113, {15 1:6). Abeles and Lec f1} then demon-
strated that the enzymatic conversion of ethylene giyeol to ncetaldehyde (or
propylent glycol to propionaldehyde), catalyzed by extract of Awsbocier arrogenes,
required a cobamide coenzyme. The reactiond requiting demcyadenosyl-By are
summarized in Fig. g Although the glycol dehydrase reaction ia quite different
from the two SDMErIe reactions, ali thrse reactions can be pictured as involving s
hydrogen transfer during the course af the resction. In methionine synthcsis 2
cobamide-containing protein (39, 59, 121) functions in the rransfer of the methyl
group from Ni-methyltetrahydrofolaie {methyl-folate-F) (6254, 101, 134} 1
homocysteine. S-adenosylmethiopine (AMfe) (73, 100) and a reducing system {45,

63) are hlso needed for this rcaction. Recent studies on thete four reactions arc’

discussed Delow. . _
Gletamate 1somerase. Earlier tracer studies demonstrated that carbon atorm 3 of

glutamate becomes the branched methyl of g-methylaspartate (81). The reaction
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L. Methyimolanyl Cok isamprnte

H B . v 9
H HC - € - 5Cah
I u] —u.._...._.,_H-!E‘H
H‘.]:~_l.|:-$.-m CFWH
CO0H

1. Glymmots lyamaroas

H [# . : 'I-'H:H
R EH“:"“” . M- ¢ coon
2 —— ‘ WH3
—
cH . COOMH

L Glycol Dvhydrane

H H
f—ﬂH I'KIZH
brrerm—

E-N HC= O

Fio. 3. Esymatle reactions roquiring & cobamide COELETTTE,
%2 be thought to involve a tranger of the g!yc.mc moiety (carbons 1 and 1) of
shutamate 1o carbon 4 of glutamate, 10 yield f-methylaspartate labebed a5 follows:

r GOOH r COOH

s bnE, s
3éH.H‘ (=4 ;,m'
u!m« 5'!1301'1

Two enaymes were ehought o be involved in this reastion, although recent studics
B Sumuki ¢4 al. (118) have shown that only one protein fraction I needed when the
Teaction is performed wnder enacrobic conditions, The manser im which the socond
Protein stabilizes the ipornerase in air has not bacn explained. w-Ketoglutarate and
k20 amincnium ish have been climinaunt as interiediates in the reaction (1 8).
n ceder 4o descrmaine whether the third hydrogen of the branched meciry] group
“fﬂ-lnr&rhlmu cotues fram glutamate {prsumably from the C-4 methylene
g} or from the solvent, Todiee and Barker (54) carried out the reaction using
Sither tritiatod or deutevated water. The resulw showed that the third hydrogen
Mo of g branchod methy! group Sormed . the Borwrization of ghutamate i
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Sprecher and Sprinson {111) have investigaced the tcreoapecificity of y,
glutamiate bomermse reartion using f-methylaspartate labeled with deuteriyy, i
the F-pasition. They coudl disiinguisty, by degradation of the teaulting Glutamg,,
focmed, whether the hyddogen ator that replaces the leaving glycine Tviety
resulis in a reentlon or inversion of cunligeration at the d-carbon, The remy
thowed that an inversion oceyes, and the authors speculate that the cobamig,.
depe e resrvangement may proceci! by a carborium jon mechanism.

Cvond debysdrase. This veaction his heen stuclied with a purified enzyme frar,
derabiziter amagenes 1). Although glycere! is not a subatrate of this cnzyme, a Kimilay
cobatnicle-dependen engyme catalyzing the conversion of glyceral — S0
Propionaldelnic hay been demonstrated by Sniiley and Sobolov (rog) wig,
extracts of fwtoharifive sobhA, In the glycel dehydrasc reaction, as in the othe
reactions tequiring 1l curnzyme form of the vitamin, a hydrogen transfer OCCLyy,
Sewdics by Brownaicin and Abeles (10} with deuterated and tritiated water shuweq
o0 incorporathon of solvewy lytlregsen inee the reactants, Incubation of the purifisg
Enzyme o seradter asrugenes with coenzyme yielded inacrivation of the enzym,
o0 well a3 inactivarion of the-cocnzyne (65). The inactivation of d:uxyadcnmy[.
By was amociated with spectral changes, a suggeation that it was decomposed 1y
hydroxy-By;. Since hydroxy-Bys and cyano-Byz inhibit thc“cnzyme, the breakdays
of deoxyadenoeyl-B,, 1o hydroxy-Bi: could account for the obecrved loss of enzyme
activity., An exgelleng correlation was observed between spectral changes, due p
decomprition of deoxyadenoeyl-B, and enzymatic inhilition, The ability of the
enzyme to clepve the carbon-to-cobalt bond in deoxyadenosy-By, may be g
convmon feature of the mechanism of action of deoxyadenosyi-By in this and other
cobamide toenzyme-dependent reacrions. Evidence has alse been ohtained, from
studies on the inhibition of the reaction by a sulfhydry] inhibitor, p<chloromercur.
benzoare, thac thy binding of deoxyadenosyl-By 1o the enzyme involves a wf.
hydryl group on the ERZyme,

Methylmalony! CoA isomerase, This reaction hay heen demonstrated in borl,
microorganisnis and mammalian tissues and is an important reaction i the

metabalism of propionate (propiomyl CoA — methylmalongl Coa BScwme
succinyl Cad}. Although the By cocnzyme could readily be separated from the
enzyme in bacterial extracts, resclution of the animal holoenzyme was achieved
only after acid ammonium snlfatc treatment (65). The mammalian ERZVTNe, un-
like the bacterial enzyme, it active anly with the coenzyme form of the vitamin
{containing 5,8-dimethylbenzimidazole in the nuckstide portion), not with the
Coenzyme form of adeninylcobamnide cyanide (see Fig. ). The work of Lynen and

i
|

f

ey

his group (§2) showed thas 2-Cl-methylmalony]l CoA was isomerized 1o g-£M. -

tuccinyl CoA during the course of the reaction, a demonstration that the thivexster

tarbexy! group (ses Fig. 5), and not the free carbouey! gronp, migrates. They have
230 established that no solvent hydrogen is incorporated intg the reactants during
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the Bomerization reaction (86). Experiments with methylmalonyl CoA double-
bbeled with £ have proved that the reaction involves an intramolecular, not
mermalecular, groyp transfcr (57, go).

Methionine formation. Helleiner and Woods {45) first demonstrated & tole of
cyand-Bus in & cell-free system capabbe of syrithesizing methionine. Subsequent wark
o scviral [aboratories (39, 42. 50, 6264, 79, 100, 101, 137, 134) has helped 1o
Mmmmmwmmhﬁmﬂm@duﬁmm
cemes the methyl griup of methioning, as shown, below:

2 serloe uau}ﬂ. = 3, 10-methylinefolate-H, + glyrine
Y 5,0 methylene-fitnre- B, TADM, L

& fisethyl-falme-H, 4+ homocyseine AMy methlonine + folate-EL,
reducing narem

Emfiuuisuflpecia]impoﬂmc:sinneitpmnin, at the enayroe level, an explans.
tion for the known interrelationships among tyano-Bu, foic scid, and r-carbon
metabolism, Peefolic A, 2 raduced folatr compound of unknown sthucture, was
ilabed by Donaldson and Keresztesy {28) in 1959 kom animal liver where it
somtituees a major fracton of the fobate compcrands {84). Subsequenily Lareabes
® al. (62, 63) reported the isodntion of & methyl-contuining folate derivative, 5
methylietrahydrafelate, formed by bacserial CONYINCE A8 A0 intermediste in methi-
%aioe biosynthexis fram 5, 10-methylenctatrahydrofolate, Thic idestification of this
ew intermediate by the later investigators permitted the ordering of the enzy.
atic reactions essendally as shown in reactions & and ¢, except for the finding of
Mangum: and Serimgeour (73) that ademosylmethionine coukd replace ATP

| origisally included in ‘the scheme for reacfion «.From the distinctive properties of

smethyliewrahydrofolate and prefolic A a3 a growth factor for miccoorganivms
{bommppmmhummsbuzms.fm”ud L. citrovorum} and from the
bsorption spectra of the two compounds it was realized that they were identcal
tag, 61). s-Methyletdabydrofolate was subsequendy mynthesized chemiratly by

and Donaldson (58) and by Sakami and Ukstive {101) and has beey
%own by the laer nVestigators to be also a precursor of methdonine in the rea-
Bon catalyzed by extracis of pig liver.

Thus, the transfer of the methyl group fram methyl-folxee-H, to hamocyseeine
Appears o be the final feaction in methionine formation in both bacterial and ani-
al systeins. The need for 2 cobamide protein for this reaction in E. coff extracts has
Mimmulated interest in this methyl ranger, although it is apparent from the work of
T"'rﬂcds and co-warkers {38) that a second fystem, pet cobamide-dependent, exisy

T many miccoorganisms whicly tynthesize methionine. Trighutamyl rather than

Monogiutarmy! derivatives of folate-H, arc the intermediates in this pathway. Thia
Uernate reaction requires ncither a cobamide protein nor the other complex
oquirements of 1he cobamide-dependent system. As js discussed belonw, however,
e ¢vidence indicates that the animal system catalyzing methionine formation i
hamide-dependent.

A notable advance in understanding the role of the vitamin in this reaction
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resulied from studies with methyl-By, 2n alkyl analogue of demxyadenoeyl-p,
(s Fig. 1). This robamide derivative, synthedzed by Smith et al, (106), way
tested in a methionine systen of E. coéf lry Guest et al. {40}, Not only could methy).
By, form the holoenzyme, but woce isporiant this cobamide derivative enaymari.
ally transferred i methyi group to homorysseine. Studics by Weissbach o af
{135} have shown that cthyl-Bi and f-propionate-Bi, also can form an active g,

bhamide protein, although other alkyl-By tnalogues inhibit the reaction. The find. |

ing that Bue abso satisfies the cobamide requirement (134} led 1o the speculado,
that the active species might be a redueed cobamde peosthetic group. This couly
accept a methyl carbonivm ion from wethyl-lolate-Hy end subscquently trannl,
it to homocysteine with the regeneration of the active reduced cobamide bound 1
protein (Fig. ¢). -

Tt appears that cyano-Bye must be reduced in ocder ta lwe active in the enzy.
matic reaction. A reducing systom is alse needed to maintain the cobamitde proteip
in the reduced state. Although the mechanism by which dessyadenoayl-Biy Func.
tions in the isomerase and dehydrase reactions (Fig. 3) is not known, the pusaibilit,
‘that a reduced cobamide on the enzyine is the active formn in thweas ceactions ahull
be considered. The data show that AMe functions catabrtically in the methiosine.
forming teaction (3}, presumably in the initation of the transfer of the inethy)
group from methyl-folate-Hy to the cobamide prosein, although its mede ol agtion
is grill unknown. With catalytic amemnts of enzyme, the methyl proup of Adle
not transerred ta homocysteing, although a very slow enzymatic tranafer of the
methyl group from AMe to hydroxy-By to form methyl-By; has been reported by
Foster et al. (33}, This group has alse pestulated that a reduced cobamide-contain.
ing protein functions in the methionine synthesizing systen.

Less is known about methionine synthesis in animal extracts. Although animal
nutritional studies have implicated cyano-Br in this reaction, there is only indirert
evidence thus [ac that the reaction is similar to the cobamide-dependent reaction
studied in microorganisma. The methionine-forming system from liver require
AMe and a reducing system, similar o the cyano-Bi-dependent reaction in £, codf.
Although a defiarite cobamide dependency for the reaction has not been obtained,
partial purification of the enzyme from both hog and chicken liver has pravided
evidenee that the vitamin (or a derivative) is attached to the enzyme (2o, 24). It
has alsc been shown that partially purificd fractions from animal liver can transfe:
the methy! group of methyl-By: to homocyateine (134). Namitional stodies indiated

'\.T“.-f T Al-
,,-ci‘-.,_ Bia
t‘l .

~ ¥ . Fwo. 4 Propaed wheme e the

’?‘“'“' Hﬁm-.ﬂ tranafer of the methyl group from
protte JH1a methyliolate-Hy to homocysicine [ake

N . frerm Weimsbach 1 al. (44)3-

SoCHyFOARTE-H e Lo, — "l."‘
+ HOMOLTSTENE
FRITENE PRAOTEM .
WETIEOMINE
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that cyano-By-deficient chicks have very Jow levels of methyl-felate-H - homocys-
teine and methyi-By honecysteine transferase activities {25, the levels ol whichcan
be restored by adminietration of the vitamin for 2448 br price to wacrificing the
animals. All the above evidence suggests that the system: rom animal liver is quite
similar to the tobamide-dependent system seen in £, col:,

The abiliéy of inethyl-By to unction in rethionine formation has stimulated
amterest in this derivazive with respect 1o ita lanction as a methyl transfecing agent
in other systems. Stadics on methane (ormaton wish bacterial systema bave shown
an energy-dependent enzymatic conversion of the wethyl group of methyl-By to
methane {14, 159). Postan et al. {51} have alko described a system i which the
methy] carbon of acetate in derived from methyl-Be.

Otker Metaboltc Functians of Vitamin By

A pomtible cole of cyano-Bys in deoxyribese formation has come from snudies
with Lactebacitius leickmannii (11, 30, 74, 103, 108). Thix organism requices cyano-By;
fr growth akbough this requireinent can be replaced by any oos of a number of
decxynuciecides. The available evidence indicates that the vitamin functions in
the reductive sep in which a ribonuclestide ia converted to s deoxyribonycleotide.
This has not Heen shown en the enzynuatic Jevel s yer. Although the glycal de-
Wydtase reaction, studiec by Abeles (5, is analogous to the conversion of ribose to
deoxyribose, ribose and its derivatives are not substrates. Reichard (g5} has ob-
Wined a ceil-free sysiem from £. oali thar can corvert & pumber of ribonicleotide
diphosghates ta their corresponding decwynuclectides. Although the enzyme mya-
temi hoy been purified, and appears also to invobee a beatateble protein (80}, no
viderce for a role of cyano-By; or deoxyadenosyt-Bys has been reporied. A similar
#uem from animal tmues has so far failed o implicate cyano-By in deoxyribose
E‘frnmtim {79). 1t will be of great intereat to see whether the vitamin functioos
f’“‘ﬂ:tl."_r in deexyribose Jormation and thua explain the results with L. Inchnearail, or
indireetly in ap bitherto unknown manner. It has been postulated that there is
*Wma]ﬁrn—mﬁm of DNA in perniciom anemia (§) {see below), and it iy be
::;t the metaliclic alterations in L. ldshmean: and pernicions anemin are cloely

ied,

Although a relationship exists between the cyana-By and the sutfhydryl con-
Nt in animal tissues (31, 55, 56, 60, 70, g4), the importance of these carlier obser-
¥atioon has not been usseswed. Recently, attenition has again focused on this aspect
o cyano-By chemistry, with the findiog that the cobaniide dependency Lo the CIOy-
PyTuvate exchange reaction {g3) is observed only under acrobic conditions (87) and
Brclated to the ahility of various cobamide derivatives 1o catalyse the oxidstion of
Mangthiols presest in the incubasion (87). Huw this cobamide-sulfhydryl inter-
Action gabilizes the enzyme in not known, Since this interaction wtiliaes the oxygen
Present in the incubation, it may be a mateter of making the incubations anacrobic,
% the phserved uxidation of the sulfydryl compounds could be amociated with a
Peduction of essential SH groups un the enzyme. A similar aerobic effect of cyano-
By and other cobamides has aisa been phwerved in methionine synthesis with tiver
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extracis {20, 134). 1t i also of interent that the cyano-Bn requirement for Locy.
papitlys lactit Doroer is not seen if the organism is grown anaerobically or in the pres,
ence of reducing rubstances (61). Thip obeervation may represent an in vivo e
ampke of the rale of cobamide carpovnds in the protection of exypen-scnitiy,
engymne fysteng. Tt would net be surprising if this funetion of the vitamin plays a,
important tole in animal nutstion.

A cohuamide carnzyme requirement has also been reported for the fermenys.
tion. of bysine to avetate aml Inityrate catalyzed by extracts of Clesiridizm M-E {13,
However, the reactions in which the coenzyine Functions in this sysem ar
pot kowen. o

Rwir af Cyanu-By ire it Metaboalizn

As our koowledge of die varions rnzynutit functiond of cyano-By hay .
ceased, it has bocome possibile to oblain a tlerer picticenf he important reaction
involving the vieamsn in anjmal tisnes. We ctescrilasd in the provious sections thre:
enzymatic reactions involving the coenzylsee form of the vitiuntin, an well aa the roke
of a cobamide-containing protein in methioaine synthesis. [n addition there e
several reactions in which the vitamin or derivatives have lxun boplicated, sl
though unequivocal it vitre dnia are lacking. Thess veactions, describod esrlicr o

this review, are sutnmarized in Tahle 1.

In only one of these, the methylmalonyl CoA isorhecass reaction, has a oo
bamide partcipation at the cazymatic level boen demonstrated in anirial vissue,
These is convincing evidence that a collamide protein functions in methionine
synthesis in animal tissue, and indirect evidence han accrued to suggest a simily
parti¢ipation in deaxyribonucleatide formation and mulfhydryl metabolism.

Propionate Metabolism. NMarston et al. (75) suggested that the metabelic block i
cobalt deficiency, observed in sheep, involves the utilization of propionic acid,
Subsequently, in animals on cyano-By-deficient dicts other workers observed 2
decrease in the conversion of methylmalonyl CoA to raccinyl CoA and restoraticn
of this depressed activity with in vivo adininistration of eyano-By {41, 107). The
sheep enzyme, methylmalonyl CoA isomerase, han been extennively purified and
resalved inta an apoenzyme and a peosthetic group, deoxyadenosyl-Bys (66). Thesx
studics are the only demonstration in animal tisstes in which an enzyme has beto
purificd and resolved into an apoenzyme and a cobamide prosthetic group. Of

TABLE 1. Summary of reaciions involving cobamide componds

Asaction Active Cobanibic Owturrmee

Glutamate isomerase Coenxye Baccoria

Methylmalonyl Goh semerase Coenzyme Bacteris and animals
Glyco] dehydrant Coenzyme Bacteria

Methionine formation Cobamide proteln Dacrerla and mnimals
Lyiine formentation ' Coenzyme Bacteria

DMA formation Tupcertzlnd Unknown PBactetla and pomsibly ani-

mals
Bulfhydeyl reduetion Unknown Bacteria and animals
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aiditional interest are the chservations that an increased excretion of mathyl-
malomic acid ocours in individuals with peinicious anemia (7, 23). The increased
apretion, which was observed in cyano-Bydeficicnt rats, was decreasod by the
gresene of small amounts of cyano-By in the dict, but not by administration of
fobic 2cid, vitamin F, or selenium (8).

Cyano-Burfolate interrelationship. Enver since the observation that the Lactobaciifus
sswei growth factor or folic acid led to a'reticulocytasis and tmprovement of the
agesnia in pationts with perndcious anemia {309), the interrelationship between
fate and cvanc-Bey has been studied intendively. It was soon cheerved that the

¢linical remizsions Spllowing folie acid therapy were temporary and partial in that

they 4id net corvect the neurological gigna:of perniciows anemia {43, 44. 125)-
Duwborn et al. (a4) found that cyano-By-deficient sheep, grating on cobalt-de-
Scient lands, had marckedly reduced foncentrations of liver folic and folinic acid.
Nutritional studies also indicated that signs of folic acid deficiency in fowl could be
acentuated by oyano-By administeation (82).

A divergent, but soon to be related, nutyitona! equivalence was observed be-
een cyanc-Fas and methyl group dencry, i.e., methionine, Newborn chicks ren-
dered deficient in cyano-By were found to grow pootly unless the witamin was
retored (14, P2, 3117} However, methionineg, and to 2 lesser extent chaline, could
alleviaie the growth impairment and exert a pparing action on the vitarnin require-
ment (35), Although there was a definite growth impairment, cyano-Bu-deficlent
animals did not have signs of a maczotytic hcernia (26). Fox and her co-workers
(34) concluded that in order to demonsteate 2 nutritipnal deficiency of cyano-Bu
it wan necesary to reduce the methionine content of the diet to levels suboptimal
for growth. Dreapite the inhibition of growth response on cyano-Bu-deficient diets,
there was no evidence of 2 complete absence of cyano-By in the livers of deficient
animals,

Further data showing a folate-cyano-By intervelationship have come from
ftudies oo histidine metabolism in animal tiksues (76, (1g). It was chown that the
ksmimino group of formimino-glutamic acid (FIGLU) is oanaferred to folate-H,
to wyrithesize s-formimino-folate-Hy. This tanafer is similar to the previously de-
kribed transier of the formimine group of formimino-glycine to folate-Hy 1n
Clostridium cylindvosporam (ga). The urinary excretion of FIGLU after a histidine
ked wag foumd to be increaged in patieats with folic acid deficiency, as well as those
roeiving folic acid analogue (18, 7). Thus, FIGLU excretion appeared to be a
*engitive index of the intracellular availability of folate-Hain man, Similaz increases
in urinary FIGLU excretion after histidine lpading were vbeerved in rats {1o=} and
thicke (36) which were on either [olic acid, or perhaps of mort importance, on
YYano-By-teficient dicts. Also, increased FIGLY excretion was observed in sonee,
but nat alj, paticnts with pernicious ancriia (6o, 141).

The metabolic bass of the alterations n FIGLU excretion, as well as the

Ttritional intervelationships smang cyana-Js, folic acid derivatives, and methio-
bing, ean be understood more clearky in light of in vitre studics on the bicgenesiy
of the methijonine methyl group. Trom the in vitro studies presented earlier in this
Feviw, it 8 spparent that the terminal reaction in the hiosynthesiy of methiopine
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involves o cobamide-coataining protein. Thus, I cyano-By deficiency there woy)y
be a block in the converslon of 5-methyl-folate-Hy to methionine and o Tebuleing
failure to regeneratc folate-Hy This inability to regenerate folate-Hy and oty
siyctive” foikes (radormyl, 5, to-methenyl and 5, 1o-methylenc-folate-Hy) wayy
yicld an ahieration in purine and thymiding methyl synthesis as well ag affect 1,
catabolism of hispdine. These reactions A interconversions are shawn in Fig,

Thus, ane importent result that weuld be expected from cyano-Thy deficiency i g,
slteration i the partition of folate couipaunds in the Lody due o the inabilicy
wransfer the methy] group from f-methy!-folate-H, to homacysteloe, Endeed, they,
is now ample in vivo evidence it both animals and man that the folate partition
affected by ihe cyano-By and methionine ¢antent in the dict. In chicken and ry
biver, 5vmth-_.rhcu-ah-_.rdrufulic menoghitamate was determined o be the fnly,
derlyative in grestest concentration (83, 83). Narenha and Silverman (B4) o,
served that an incresse in dietary methionine in control or cyano-By-deficicnt ray
caused an alterakion in Diver folate distribotion. The sformyl., 10-formyl-, ang
unubsiitucad folate-H concentrations were increased while that of methyl-fola,
H, wits decreassd, Cyana-Bn repienishment in deficient Tats was obaerved to fau,
an ahieration simitar 1o that indueed by dietary methionine bot to & lesser exten
Norortha and Sdverman (B4) were the first to suggest that methionine or cyanc§,
could function by influcnsing the releass of functionzl forms from atores of folay
irapped as methylated folates. The pronounced cffect of methionine ta reverse the

W 9% 10 jiathany!-FolateHg —= Purinas

A

N3 Formimino « Feloie-Hy N0 Formy!-FelnteH,

Hiwt ding moe FIGLN / .
FIILIII‘D-H‘ '

. ’ Sarine
13
Homocystaine Glycine

N3 Methyl-Folate-H, N¥H10 Mothylane-Felote-Hy smamipe Thip raldlon

Muthionine

 FADHz
"'Iq.._._-._'l_,_,.-l".

Fia. 5. Folate cycle in agimal metabolam—a simplified scheme showing lome of the is
partaat interrelationships involving folate metabolism
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johate pattern in both normal and cyano-By-deficient animals was alio seen in
patients with pernicios: ancmia (46). Flevated urinary FIGLL excretion it aup-
gremed by dietary adimingtration of erethionine. The exact mechanism of the

‘apethinnine effect on, the folare pertitian is still unknown.

The significance of the folate partition in normal subjects as well 23 patients
with perniciows anemia was not apparent until the identification of most of the
seriiin Lociobaciltes caseé growth factor as 5-methyl-folate-H, monoglutamate by
Herbert, Larrabee, and Buchanan (7). Deoterminations of folic acid activity in
pamiciows aneria patients indicawed that while the plasma concentrations of
Srmpiwcoceus famcalis growth factors (principally formylated and unsubstituted forms
of iolate-H,) wera reduced in approximately s0% of the patients (21}, the
mean serum ooncentrations of L. casel factor were higher than in normals {48, 128).
in stidition o the cyano-By deficiency, the level of L. casel factor was found by
Mollin et al. to be corrclated with the severity of the anemia in patients with
persiious anemia (128). The highest concentrations of serum /. casel factor were
found In the ¥ast aneinic pationts, suggesting that in the presence of an adeguate
folic azid intake one may not set the hematological lesion. Thia may explain the
aheance of anemiz in oyapo-By-deficient animals when their folic acid intake is
wBicinit. These finetings were interpreted as indicative of a decreased utilization of
tag L. cesed [actor (pringipally 5-methyl-folate-Hy) in cyano-B;s deficiency. Herbert
and Zalusky (48) found that cyana-By: therapy led to a redoction in the serum L.
cané Iaciow . Foesuibts conbigtent with an underutilization of serwm L. easei Factor werc
obaained i studies of serum L. cesef factoe disappearance as well as tritiated folate
dissppearance in individuals with peroiclous anemia (22, 48, 78).

Devxyribetiiiclestide formation. Although an imbalance of folate compounds would
viekd an alwered nuclelc acid metabolisn, an alecrnative hypothesis for possible
terangement in nucleic acid metabolism in cyano-By. deficiency has focnsed on the
rduction of ribonucldolicdes 10 deoxyribonucleotides. Microspectraphotometric
analyses of the megaloblistic cells jn pernicious anemia marrow indicate. that the
cehular conbent of DINA is normal or elevated and that of RNA is elevated (135).
Ddwer worleers using the same techniquis, however, have found na difference in
the nuclear content of deoxyribose in megaloblass or normoblasts {g6). Glazer et
o, {37} measured the RNA/DNA and uracil/thymine ratio of marrow cells from
cowtrol subjects sod patients with megaloblastic anemia. In the matrow cells from
wemic petients, both the BNA/DNA and uracil/thymine ratios were elevated
toenpared o the controls. Both ratica decreased significantly after therapy and
Prigr to the chserved rcticulocytosiz.
 Additienal studies have facused on the incorporation of iueleic acid precursors
it megaloblastic and nurmeblastic marrow cells. A prime difficulty of these
ey ia the heterogeneity of the marrow cell population for, eveninsevere megalo-
Mamic anemdn, megakoblasts account for up to enly 70% of the total cell populs-
ton (ge). Thymidine and deoxyuridine were incorporated cqually well into mar-
Tow cefl DNA from constroby or individuals with megaloblastic anemias due to either
Cyang P,y ar folic acid deficlency {68). There was no effect-of falic acid, folinie acid,
% vyama-By, on these nuclsoeide incorporations. Thomas and Lochte {122) found
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- “that labeled formate was not as readily incorporated intg megnloblmtlc Marty,

DNA thymine as in the control poputation, but when incubated in the scrup »
pernicious apemia the imcorporation increased in ceaponse to added cyano.B,
Willinns et al. (138) have studied the in vitce incocporation of adenine-8-Ci ang
cytidine-2-CH inte DNA and RNA bases of marrow from padents with megay,
blastic or hemblytic anemig. in the megaloblantic macrow, an increased responsyy,
added cyano-Bi was observed in the DN A rather than the RNA bases. This effy,
was not vbserved in the normoblastic marrows in patienta with hemolytic Aliemi;

Bk has poatulated chat the megaloblast is a result of a similar cellular ales,
tian ta that observed in cither 2 thymineless E. coli mutant grown in the absence
thymine, or in L. leickmennii grown in limiting amounts of either cyann-By or any
demcynucleotide (o). The latter organdsm has a grenvth requircment which can b,
satishied by either eyano-By or any of the four decxyaucleosides {o3). Tnder e |
condition of limiting amounts of cyano-Buy or deoxynucleosides, a stave of &y, -
balanced growth' is observed in which DNA synthesis s impaired while no alter, |
ticn is observed in RNA or protein synthesis (1o). As 2 result, the cellular RNy,
DNA ratio Is increased and the bacterial cells assome an elongaced, filamentgy
shape. The “unbalanced growth™ was reversed in L, feichmannii by increasing iy
concentration of either cyano-By or demynueleosides in the media. A similar o
fect of thymidine was not observed in tipsue culture nor when thymidine was e,
ployed as a therapeutic agent in pernicious anemia (i ro). However, human marroy .
timue apparently lacks a wans-N-deodyribosidase which would cetalyze the inwg.

conversion of the three other bases with the acceptor deoxyribose (g8). No expu
ments have been reported as vet on the conversion of mefalablastic cells to norme. |
blaatic cells in tizmue culture or on a therapeutic response with cornbinations of th '
four decstynucteosides. Such a positive result would be anticipated if the deficieny |
of cyano-By is pricaarily a decrease in ribonuckeatide reduction. |

Sulflydryl metabolism. Alterations in sulfur merabolism have also been repaorted |
in experimental cyano-By, deficiency as well as in individuals with peraicious ane |
mia. Ling and Chow {69} observed that blood glutathione levels were depresd '
in the deficiency state and -that a restoration to normal values Eilowed vitami .
repletion. In contrast, Kaschakakar et al. (56), using jodinated casein to m'ncnufrl
the cyano-Biy-deficient state, observed a decreass in liver sulfhydryl and gl‘utathmm
lewels bust elevated blood levels of these eompounds. Stekel (r14) failed to obsere
any significant difference in the incorporation of glycine or cystine into glutathion
of cyano-B-deficient rats compared to contrel animals. A possible indication wa
obtained that the blood sulfhydry! alteration in eyano-By deficiency was due toan’
increass in the GS8G/GSH ratio of erythrocytes secondary to an effect on glutr
thione redoctase (55). Additional observations indicative of a sullhydeyl defe
were the obgerved incrcases inn the wrinary excretion of thiccyanate and tawrio
{123, 120, r40). The possible altrations in levels of intracellular glutathionine ma
be respensible for the in vivo aleerations in glycolysis and lipid metaboliam whith
have been ohserved {13, yo).

Finally, attention shoold be directed to the multiple levels of cyano-By, actim
Arnstein and White {2) have established that during growth on restricted cyans
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B intake the proplonate metabolisn is affacted more severely than formate meta-

“bolizn. However, cyano-By analogues chat inhibit growth wtimulatc propionate

pessbolinm wheneas others that stimulate growth do not affsct the metabolian of
te in Oclromonas molhamensis.

In the cohalt deficiency dissase of sheep, the defect in methyimalonyl CoA
womerization appenrs prior to the fatty infiltration of the liver, the latter presuma-
iy related 10 a decveased rate of methionine biosynthesis (733,

The mability of folic acid to reverse the central nervous system lesions of
peenicious anemin represents yot another example where cyano-B; participates
in two separate metabolic patihways in animal tissue.

AR NDITH

Blaklcy and Barker {Binchem. Biephys. Res, Commun. 15: g1, 1964) have recendy ob-
tained evidence of a- cobamide remirament foc decayribose synthess in vitro, En thesc
tudley, waing cell-free exracts of Lactebacillur irichragenit, the authars demonstrated the need
b deoxyadennsyl-Biy in the copvarsion of cytidine monophwaphare to deaxyeytidine moaos
Phosphate.
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Deﬂ‘eased Serum B,

2062

THE JOLIRNAL of the
American Medicad Association
September 18, 1972 Wol 221, No 12

Levels

| W ith Oral Contrace];itive Use.

louis F. Wertalik,

]
<

" Low serum vitamin B,, levels were found In heaithy young women who
- wera taking ora) contraceptive agents {OCA), The fall in serum B, values
" accrred rapidly and, in sorhe instancas, serum levels were
indistinguishaie from cther farm s of vitamin B,, deficiency. Sarum B,,-
.. binging peoteins or tissue levels of vitamin B,, did nat appear to be
" aitered in asotiation wath the change in sarum levaly. Serum folic acid
levals were also reduced in some warnen, but folate therapy had no effect
on serum B,, lavels. Tha mechanism by which oral contraceptives alter B,
metabotism is not clear and the pathophysiclogic significance remainsto
be elugidated. Serum B,; velugs abteined in women taking OCA must be
interpreted, however, in the light of this phenomenon.

: number of agenta may affcct  Lthese drugs; serum B,, tevels in these
~ vitamin B,, or folate metabo- | subjects, however, were not men-
- tipned. - ! :

l "The present repoct describes the oo-

currencs of decreased serem B, lovels

in women taking oral contraceptives

and compsres . these women with

pregnant subjecka in whom low serum
B,, levels slso ocour.™

. - Subjacts :
. The study group comprized 20

healthy volunteers who had been tek-
. ing oral contraceptive agente for pe-

L ligm> Among .thege agents
, e the oral oontreceptive drugs
. which appesr to canse malabsorption
of polyghitamic folate end mey in-
duce megaloblastic anemia 1o some
women 5 The infreguency of megs-
foblaalic afiemda secondary to the use
| of these egents appeare ehvicus from
| the fzet that millions of women wsed
i them for almost & decade before this
i WRtvard offect wes recognized.
Tv our knowledge, aral .con-
Wacuptive mpents have not been res . _
U oBrted o sller vitamin B levels:. * mal dielary habits. mod none ward
-, - Bizn-hine el als reported modest in- _takibg " other medicatlon except for
* Weasusin the sorum unsaturated By, wapirin ococasionally. The oral com-
hl_lldihg eapacity relnted to the useof tracoptive agents it uso at the time
S S - “ieopf the atudy were Bll of the com-
bination type. © . . o
Twaonty-six women in the last tri-
mester of pregnancy were alsg stud-

'|-|I-_ .
- From the Dlvisivn of Hematdogy and - -
! "’19;!. Uepariment of Medleioe, Dlitn Stata Unis |

Yerdyy College of Midleins, Cobambus, .

Freasuted in pact befsre tho 11th amnesl

;"‘t‘ﬂ# of the Ameelcan Soeiscy for Clinical -

utrliben, Atlimtle Cits, W1, Mas 1971
" FerTaint roquests o Uhio State Uklversity
. il 400 W 1Mb Ace, Colwnbie, Ohin 43210

heatlh and were enting nermalty.
MMost of tham were receiving iron and
vitumin supplements which contabn

MY, et 18, 1972 w Vol 220, Nolz T Y
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rioda of 2 ta 60 montha. All had por-

ied. These women were all in good -

MD; Earl N. Metz, MD; Atbert F. LoBuglio, MD; and Stanley P. Balcerzak, MD

0.1 mg of folic acid and Zug of cyan- -
ocobalamin, The vitamin B,, data for
this groap ura induded in our resulta
hecause serum B, values vauslly con-
tinued to decvease in pregnancy de-
apite daily oral sdminisiration of this
amount of the vitamin
Twenty-three. women of comps-
rable age whe bad neither been preg-
nant nor taken oral contraceptives
for wt lesst eight months woved as

" contrala None were taking any medi-

cations except For aspirin ocrasion-
ally.
Methods _
Rerum vitamin B, was asasyed by
the radioizotopo dllution technique of

Lau ot 2! with the use of bemogich- -
in-coated charcoal. Unsaturated B,.- .

binding capacity (UBBCY was alse

meaaured with a radinisotope dilation

- technique az described by Gottlieh et

sl Separation of the alphm- and
beta-binders was performed with the
use of rapid - diethyl amincethyl
{DEAE}-celiutose columa chromatog-
raphy as described by Retief ot al.”
In the lntier two procedurss, eyano-

eobakuthin Co 67-B,; in a’ concentra- .

tion of 22004z /mt was utilized and ~

- unboand B,, was absorbed with heme-

R, ard Ol Contracaptivas—Wertallk ot ai

globn-coated charcoal. Al eesays .

were performed within two weeks of

. gbtainizg the scrom sample. When it

was not pogsible 1o pssay fresh sera,
the mamples wera stared at —20 C (-4 "
F). Brythroeyte vitamin B,, level was -
assayed by the coated-charcoal tech-
nique of Relly and Harbort Ex-
traction and assay were performed mn

Zars
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Fip . -Serum vitamin B, Fewels for normal women,
women laking oral contraceptive agents (OCA), and
praguant women. Number of subjects stullied in ench
group is designated.

Fig $.—Serum vitamin B,, levels in four subjocts bifore
and afier tuking OCA. The P voluc was determivel by
paired statisticsl analysis. L. -

Fig 2-Distribution of serim vitamin B,, vabiss in 20 women taking 04",
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the duy ibe blood was chiained. Se
rum folate level waz wmayed with
Lattohaeiliua oosei with . the asepiic -
. technigue of Herbart® Complete
- blood cell counts (CBC) prd red blood
call (RBC) indicea were determiced
by atandard techniquea. The average
‘mumber of naclear lobes in peripheral
. ‘blood neutrophils was caleutnted for
pll subjecta’™. . .
. <Results _
‘Serum - Vitemin By Lewsle-
Women taking oral contraceptives
were found to have o mean sorem B,
level of 221pup/m] which was 4%
lower than the control mean of IT2nug
ml (Fig 1}. This difference i= etatisti-
eajly significant (<. 01). No statisti-
cal difference was found betweet
womerr takiig oral contraceptives

.

and those in the last trimester of
pregrancy. Althaugh the mean serum
B,. level of women taking orel con-
trpceptives wis within the normel
range, 50% of these subjects had sub-

Mean Hematoorit Velue and Meutrophil Lobs Averages®

norma) values (below 200 /ml} and

16% were in the clearly defivient
range, below 100w /ml (Fig 21
In fve women taking oral com

traceptives and in twa pormal st
jects serum samples were callected

SEor AL wornsn, women Lakdag Cia, and pregnant woaen,

1372 JAMA, Sept 1B, 1972 » Vol 221, No-12

twe to three times each woek
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cycle and -the serum B, level was
mesgured. There was no datoctable
gifforemce in serum B, Jevels related
i the phese of the eycle.
' Vo women wirg stadied priar ta
starting orsl coftraceptive use and
_sgainslier twa te fie months of use
(Fig8). AL four subjects had s reduc-
tion it serum B, beweds ranging from
3% to 55%. The differcoces were
significaiit by paired fteat (P
. € 00t). Neither UBBC nor perum fo-
- {ate values changed during this time.

" Bu-Binding Progteins.—In conteast

k

B

v

L]
L

_ to.pragmancy, the lower serum B,
* tevels foumd io women taking oral

- . comtraceplives were not associated

with an increase in TRBC (Fig 4h. As
. described by otkers*® the UBBC was
 fwmd to be sigriicantly higher than

V7 tormel (7<00Y) in women during

the bt trimester of pregnancy. How-
ever, uelike Bizo#hine et al we conld
detoct uo elevatipn of the UBBC in
‘wornen taking oral eantraceptives. In
sddition, no diffeences in the enion
characteristics of the binding pro-
taing were soen. in sach group, 70% to
" 90% of bound radioaetivity was eluted
with the fraction toptsiniog the beta-
. Winder. ' _
© Tisrue Vitamin B, Stores.—Ervth-

Py §—Serum unsalurated B, -binding capacity for
sormal women, women foking GC4, and prognant
wemcn. Nuniber of women studicd in each groip

throughout one complete menmatraal”

rocvie B, values in women taking
oral ecntraceptives runged from
190g/ml to 430pg/mi of packed
RBCs with 4 mean of 212mg/ml Nor-
mal values in cur leboratory Tange
from 100gpg/ml to HKMgpgrml of
packed RBCs.

As can be seen in the Table, no ene-
mia or hypersegmentatiod Was pres-
ent in aay of the subjects studied
Furthermore, RBC size was narmal a3
getermined on periphersl hlood smear
and by RBC indices.

Vitamin 8., Absorptien ~Schilling
tests, performed in two subjects tak-
ing oral eontroceptives, showed nor-
me! results in both. One of these sul-
jerts had & 58% reduction in serum B..
level during five months of oral con-
traceptive uze (Fig 8}, The other sub-
ject had been taking orzl contracep-
tivea for two years and was Tound to
bave a serum level of Mppg/ml

Oral Contraceptive Effect on Serum
Folate.—Measurement of serum fo-
iate in women taking oral conira-
veptives demenstrated that this vita-
min wes also sigpificantly reduced
whien mompared with normals (Fig 3).
Normal vilues in our laboratory
runged from 4 to 30 ng/ml Although
the mean folate tevel found in women
taking oral conlracepiives wes well-

designated.

within our morma! range, six of 20
women had velues helow 40 npiml.
Fonir of those aix women also had seb-
normat serum B, levels i 2i0upp/
i), three of whom were helow
1a0upg /ml

Rewult o